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The  International  Library  of  Technology  is  the  outgrowth 
of  a  large  and  increasing  demand  that  has  arisen  for  the  , 
Reference  Libraries  of  the  International  Correspondence 
Schools  on  the  part  of  those  who  are  not  students  of  the 
Schools.  As  the  volumes  composing  this  Library  are  all 
printed  from  the  same  plates  used  in  printing  the  Reference 
Libraries  above  mentioned,  a  few  words  are  necessary 
regarding  the  scope  and  purpose  of  the  instruction  imparted 
to  the  students  of — and  the  class  of  students  taught  by — 
these  Schools,  in  order  to  afford  a  clear  understanding  of 
their  salient  and  unique  features. 

The  only  requirerrent  lot  admission,  to  any  of  the  courses 
offered  by  the  International  Correspondence  Schools,  is  that 
the  applicant  shall  b^  abie-'toi  rejid  the  English  language  and 
to  write  it  sufficiently  »vdl  to  make  his  written  answers  to 
the  questions  asked  hinv  intcUigible.  Each  course  is  com- 
plete in  itself,  and  no'  textbooks  are  required  other  than 
those  prepared  by  the  Schools  for  the  particular  course 
selected.  The  students  themselves  are  from  every  class, 
trade,  and  profession  and  from  every  country;  they  are, 
almost  without  exception,  busily  engaged  in  some  vocation, 
and  can  spare  but  little  time  for  study,  and  that  usually 
outside  of  their  regular  working  hours.  The  information 
desired  is  such  as  can  be  immediately  applied  in  practice,  so 
that  the  student  may  be  enabled  to  exchange  his  present 
vocation  for  a  more  congenial  one,  or  to  rise  to  a  higher  level 
in  the  one  he  now  pursues.  Furthermore,  he  wishes  to 
obtain  a  good  working  knowledge  of  the  subjects  treated  in 
the  shortest  time  and  in  the  most  direct  manner  possible. 
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In  meeting  these  requirements,  we  have  produced  a  set  of 
books  that  in  many  respects,  and  particularly  in  the  general 
plan  followed,  are  absolutely  unique.  In  the  majority  of 
subjects  treated  the  knowledge  of  mathematics  required  is 
limited  to  the  simplest  principles  of  arithmetic  and  mensu- 
ration, and  in  no  case  is  any  greater  knowledge  of  mathe- 
matics needed  than  the  simplest  elementary  principles  of 
algebra,  geometry,  and  trigonometry,  with  a  thorough, 
practical  acquaintance  with  the  use  of  the  logarithmic  table. 
To  effect  this  result,  derivations  of  rules  and  formulas  are 
omitted,  but  thorough  and  complete  instructions  are  given 
regarding  how,  when,  and  under  what  circumstances  any 
particular  rule,  formula,  or  process  should  be  applied;  and 
whenever  possible  one  or  more  examples,  such  as  would  be 
likely  to  arise  in  actual  practice — together  with  their  solu- 
tions— are  given  to  illustrate  and  explain  its  application. 

In  preparing  these  textbooks,  it  has  been  our  constant 
endeavor  to  view  the  matter  from  the  student's  standpoint, 
and  to  try  and  anticipate  everything  that  would  cause  him 
trouble.  The  utmost  pains  have  been  taken  to  avoid  and 
correct  any  and  all  ao>L)igul)n9  eWp/^Vfrt'oli^ — both  those  due 
to  faulty  rhetoric  arfdtht)s*€*due  tcrinsiiffirtency  of  statement 
or  explanation.  As  the*  \t^V  w:iy  "Wg:  make  a  statement, 
explanation,  or  descriytv^n*  Nfiitf  h>  to  give  a  picture  or  a 
diagram  in  connection  vtitti:i^,\iHAj^Wtiins  have  been  used 
almost  without  limit.  "The'illuslrations  have  in  all  cases 
been  adapted  to  the  requirements  of  the  text,  and  projec- 
tions and  sections  or  outline,  partially  shaded,  or  full-shaded 
perspectives  have  been  used,  according  to  which  will  best 
produce  the  desired  results.  Half-tones  have  been  used 
rather  sparingly,  except  in  those  cases  where  the  general 
effect  is  desired  rather  than  the  actual  details. 

It  is  obvious  that  books  prepared  along  the  lines  men- 
tioned must  not  only  be  clear  and  concise  beyond  anything 
heretofore  attempted,  but  they  must  also  possess  unequaled 
value  for  reference  purposes.  They  not  only  give  the  maxi- 
mum of  information  in  a  minimum  space,  but  this  infor- 
mation is  so  ingeniously  arranged  and  correlated,  and  the 
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indexes  are  so  full  and  complete,  that  it  can  at  once  be 
made  available  to  the  reader.  The  numerous  examples  and 
explanatory  remarks,  together  with  the  absence  of  long 
demonstrations  and  abstruse  mathematical  calculations,  help 
one  to  select  the  proper  formula,  method,  or  process  and  in 
teaching  him  how  and  when  it  should  be  used. 

This  volume  includes  the  following  four  titles:  Mechanical 
Drawing,  Structural  Drafting,  Sketching,  and  The  Forma- 
tion of  Letters.  The  paper  on  Mechanical  Drawing  is  the 
most  thorough,  practical,  and  up-to-date  treatise  on  this  sub- 
ject in  print,  and  every  possible  care  has  been  taken  to  make 
the  text  correspond  in  every  respect  to  the  best  modern 
drafting-room  practice.  Structural  Drafting  is  a  special 
application  of  mechanical  drawing  to  the  details  of  struc- 
tural engineering,  and  is  the  only  thorough  presentation  of 
this  subject  in  print.  Sketching  is  a  small  but  complete 
treatise  on  the  making  of  freehand  drawings  of  machinery, 
etc.,  which  are  intended  to  be  worked  up  into,  or  to  take  the 
place  pf,  finished  working  or  mechanical  drawings.  In  style 
and  manner  of  treatment,  this  paper  is  unique.  The  sketches 
illustrated  are  exact  reproductions,  both  in  size  and  execu- 
tion, of  the  original  pencil  sketches,  which  were  made  under 
the  same  conditions  that  would  prevail  in  actual  practice. 
The  Formation  of  Letters  treats  on  all  the  various  standard 
alphabets  used  in  lettering  and  in  sign  painting.  Full  direc- 
tions are  given  for  each  letter,  and  all  possible  care  has  been 
taken  to  secure  correct  outlines. 

The  method  of  numbering  the  pages,  cuts,  articles,  etc. 
is  such  that  each  subject  or  part  is  complete  in  itself;  hence, 
to  make  the  index  intelligible,  it  was  necessary  to  give  each 
subject  or  part  a  number.  This  number  is  placed  at  the  top 
of  each  page,  on  the  headline,  opposite  the  page  number; 
and  to  distinguish  it  from  the  page  number  it  is  preceded  by 
the  printer's  section  mark  (S).  Consequently,  a  reference 
such  as  §  16,  page  26,  will  be  readily  found  by  looking  along 
the  inside  edges  of  the  headlines  until  §16  is  found,  and 
then  through  §  16  until  page  26  is  found. 

International  Textbook  Company 
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1. 


PLATE,  TITLE:  FULL  BLOCK 

Fasten  a  sheet  of  drawing  paper  1.5  inches  wide  and 


20  inches  long  on  the  board  with  thumbtacks,  being  careful 
to  keep  the  ed^jes  of  the  paper  parallel  with  those  of  the 
drawing  board.  Then,  with  a  sharp-pointed  lead  pencil,  draw 
a  rectangle  15  inches  long  and  8i  inches  wide,  which  allows 
a  margin  of  2h  inches  on  either  side,  and  3f  inches  above  and 
below  the  fie:ure.  These  pencil  lines  will  be  erased  when  the 
work  of  drawing  the  plate  is  completed.  Beginning  on  the 
left  vertical  line,  at  the  base  of  the  rectangle,  measure  off 
the  height  of  the  letters,  making  four  spaces  ll  inches  high, 
allowing  a  space  of  J  inch  between  the  four  lines  of  letters. 
This  brings  the  top  of  the  first  line  of  letters  1  inch  from  the 
top  pencil  line.  The  height  of  the  title  is  i  inch,  and  is  i  inch 
above  the  first  line  of  letters. 

Horizontal  lines  are  then  drawn  with  the  T  square  from  the 
points  marked  on  the  left  vertical  border  line,  and  extended 
to  the  right  border  line.  Each  of  the  Il-inch  spaces  is  now 
divided  into  five  smaller  spaces  of  i  inch  each,  and  ver- 
tical lines  are  drawn  through  the  spaces,  dividing  them  into  a 
number  of  i-inch  squares  as  shown. 

2.  On  this  plate,  the  stroke  of  each  letter  and  numeral 
occupies  the  width  of  one  square  (or  i  inch),  and  in  giving 
the  proportions  of  any  pari  of  a  letter  it  is  measured  in 
strokes  and  fractions  of  a  stroke.     For  instance,  the  letter 

CvtrritMut  br  Mi'Haliaiial  Tttlicat  CamtoHy.    All  rijihu  rtumd 
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A  is  5  strokes  wide,  and  the  spurs  project  beyond  the  width 
of  the  letter  a  stroke  (or  i  inch  in  this  case)  on  each  side. 

The  lines  forming  the  vertical  sides  of  the  square  are 
assumed  to  be  numbered  separately  for  each  letter,  accord- 
ing to  its  width.  Thus,  the  lines  between  which  the  letter  A 
is  drawn,  exclusive  of  spurs,  are  numbered  from  i  to  ^;  W 
occupies  seven  spaces,  and  is  limited  by  lines  1  and  8\  M  lies 
between  lines  1  and  7;  etc.  All  the  letters  being  of  the  same 
height,  they  are  included  between  the  same  horizontal  lines; 
therefore,  the  spaces  between  the  lines  a,  ^,  c^  etc.  to  /are  each 
one-fifth  the  height  of  a  letter.  In  referring  to  any  particular 
point  in  a  letter,  it  is  necessary  simply  to  name  the  two 
lines  that  intersect  at  or  near  that  point.  For  example,  6d 
would  be  the  intersection  of  vertical  line  6  and  hor^xcjital 
line  dy  and  would  refer  in  the  letter  L  to  the  extreme  tipper 
right-hand  corner  of  the  lower  extremity  of  the  letter;  while 
in  the  letter  W  it  would  refer  to  the  intersection  of  the  interior 
slanting  outlines  of  the  right  portion  of  the  letter.  These 
matters  must  be  borne  in  mind  as  the  plates  are  studied. 

3.  The  Full  Block  shown  on  this  plate,  and  the  Half  Block, 
which  is  the  title  of  the  next  plate,  are  the  only  styles  of 
letters  given  here  that  can  be  classified  as  strictly  mechanical. 
Nearly  all  letters  are  somewhat  mechanical,  as  their  straight 
lines  are  drawn  with  a  ruling  pen,  though  the  curved  portions 
may  be  drawn  freehand  with  the  point  of  the  red-sable  brush. 
The  style  shown  on  this  plate,  however,  is  strictly  mechanical, 
as  no  curves  or  irregular  lines  enter  into  its  construction, 
and  it  can  be  drawn  exclusively  with  a  straightedge  and  pencil. 
The  slightest  curve  or  irregular  line  would  require  the  free  use 
of  the  hand,  and  call  on  the  judgment  of  the  eyes  to  make  the 
lines  symmetrical  and  true.  This  plate  is  a  simple  one,  but 
to  remember  the  comparative  width  of  all  the  letters  and  the 
exact  position  of  every  detail  of  each  letter  will  require  close 
attention  and  study. 

The  Full  Block  lotteris  made  square,  occupying,  exclusive 
of  the  spurs,  five  spaces  in  width  and  five  in  height.  The 
middle  bars  of  all  the  letters  and  numerals  occupy  the  middle 
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space  between  the  lines,  excepting  those  of  the  letter  A  and 
the  numeral  4,  which,  in  each  case,  is  dropped  one-half  a 
space  (or  i  inch).  The  width  of  the  letter  is  always  measured 
between  lines  1  and  t>,  thus  excluding  the  spur.  Of  all  the 
slanting  strokes  in  the  various  letters,  those  of  the  N,  V, 
and  \V  are  the  only  ones  that  extend  to  the  bottom  line,  and 
are  finished  without  a  spur  on  the  lower  extremity. 

Full  Block  letters  do  not  possess  any  rounded  corners,  but 
such  letters  as  would  possess  rounded  lines  in  other  styles, 
as  B,  C,  D,  etc.,  are  beveled  on  the  angles  with  a  line  drawn 
diagonally  through  the  corner  block  (as  shown  in  the  letter  S) 
from  point  a  2  to  a  point  one-fourth  the  width  of  the  stroke 
(or  A"  inch)  above  il,  and  from  /5  to  a  point  i  stroke 
below  ffC.  With  few  exceptions,  the  width  of  the  stroke  should 
be  the  same  in  all  parts  of  the  letter.  A  slanting  line  is 
therefore  drawn  on  the  inside  of  the  letter,  parallel  with  the 
outside  beveled  corner,  and  never  more  than  the  width  of 
the  stroke  from  it,  and  occasionally  less,  as  shown  in  the 
letter  B  at  c5  and  d5,  where  the  thickness  of  the  slanting 
line  is  only  h  inch,  which  makes  it  appear  better  than  when 
given  the  full  width. 

4.  There  are  many  irregular  features  in  letters  of  every 
style,  and  it  is  well  to  become  familiar  with  them,  as  they 
assist  in  learning  the  characteristic  features  of  each  letter. 
The  extremities  of  the  C  are  longer  than  those  of  the  E  or  F, 
on  accoimt  of  the  inside  bevel  line  of  the  C,  which  would 
make  the  extremity  of  that  letter  appear  too  short,  while  the 
corresponding  point  on  the  G  is  the  same  length  as  the  E 
and  F,  in  order  to  allow  as  much  space  as  possible  between 
this  and  the  lower  extremities  of  the  letter.  The  lower 
extremities  of  the  J  and  L  are  carried  up  to  line  li  on  account 
of  the  open  space  within  these  letters. 

5.  To  determine  the  proper  slant  of  the  strokes  in  such 
letters  as  N,  V.  X,  and  Y  when  two  given  points  are  on 
opposite  sides  of  the  stroke,  as  well  as  on  opposite  ends,  as 
in  the  letter  N,  for  example,  at  2  a  and  5f,  carry  an  imag- 
inary line,  as  nearly  the  proper  slant  as  possible,  in  opposite 
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directions  from  each  of  these  points  and  i  inch  apart.  Point 
off,  to  the  left  of  2  a  at  right  angles  with  the  imaginary  line 
drawn  from  ^u  to  a  corresponding  point  at  the  right  of  J/, 
the  width  of  the  stroke;  this  gives  the  true  line  from  this 
point  to  5/.  After  the  first  line  is  established,  measure  the 
width  of  slanting  stroke  at  the  point  opposite  5/  and  draw  a 
line  to  2a,  which  gives  both  lines  for  the  slanting  stroke, 

6.  The  four  points  of  contact,  which  give  the  position  of 
the  slanting  strokes  of  the  letter  K,  are  as  follows:  From 
the  point  half  way  between  c  and  d  on  2  to  4  d,  also  from  6f, 
to  a  point  half  way  between  4  and  5  on  c.  The  slanting 
strokes  of  the  letter  M  are  joined  at  the  base  line  /,  and  are 
i  stroke  in  width  at  base,  equally  divided  by  vertical  line  4. 
The  tail,  or  projection,  of  the  Q  is  two  and  one-half  times 
the  width  of  the. stroke,  and  begins  in  its  right  outline  at 
line  4  and  passes  through  the  intersection  of  lines  5  and  /. 

The  letter  R  is  5  strokes  in  width,  but  the  tail  is  properly 
located  >  stroke  to  the  left  of  line  G,  and  is  beveled  less  than 
other  letters,  or  from  a  point  f  stroke  below  e. 

The  letter  V  occupies  a  full-stroke  space  on  the  bottom 
line,  while  the  lower  extremities  of  W  are  but  J  stroke, 
i  stroke  on  the  left  and  J  stroke  on  the  right  of  line  5,  and 
i  stroke  on  the  left  and  i  stroke  on  the  right  of  line  6.  , 
This  letter  occupies  in  width  7  strokes,  while  the  M  occupies 
but  6,  with  the  effect  of  being  the  same  or  of  even  greater 
width.  The  other  letters  are  of  regular  width,  except  the 
single  stroke  I  and  the  numeral  1. 

The  points  that  govern  the  construction  of  the  character  & 
are  simply  the  position  of  the  points  on  line  d  i  stroke  to 
the  left  of  line  /,  which  gives  the  extension  of  the  lower 
part  of  the  character,  also  the  points  M4e  and  6c  that  give 
the  position  of  the  slanting  stroke. 

7.  The  numeral  4  is  1  stroke  wider  than  the  other 
numerals,  the  middle  bar  being  i  stroke  longer  on  the  right 
of  the  vertical  stroke  than  the  spur  at  the  bottom.  From 
the  point  where  it  touches  line  1  m  the  middle  of  the  side  of 
the  block  to  the  point  where  it  touches  line  2  in  the  middle 
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of  the  side  of  the  block  below,  gives  the  slant  of  the  stroke, 
forming  the  numeral  on  the  left  end  of  the  middle  bar. 

The  numeral  5  is  not  cut  o£f  or  beveled  inside  of  the  stroke,   i 
on  the  upper  portion  of  the  figure.     The  line  from  Id  to  2d 
is  dropped  at  2rf  about  }  stroke  (or  tV  inch). 

The  figure  7  is  the  full  width,  although  this  may  be  some- 
times shortened  i  stroke.  The  slanting  stroke  is  from  points 
4/10  r,d. 

After  studying  carefully  the  instructions  and  characteristic 
features  of  each  letter,  practice  these  letters  on  Manila 
paper,  using  only  the  horizontal  lines  a  and  /.  This  will 
familiarize  you  with  the  relative  width  of  the  letters,  before 
you  attempt  the  plate  that  is  to  be  sent  in  for  correction,  and 
also  show  how  much  of  the  instruction  has  been  retained. 

After  drawing  all  the  letters  on  the  plate,  outline  the  letters 
of  the  title  Full  Block  and  then  proceed  to  ink  in  the 
work,  using  the  T  square  and  triangles,  to  ink  the  horizontal 
and  vertical  lines,  and  the  two  triangles  together  for  the 
parallel  diagonal  lines,  as  explained  in  Eletnents  ol  Lettering. 

8.     The  small  squares  forming  the  guides  for  the  lettering 

may  be  inked  with  clean  fine  lines,  perfectly  uniform  in 
thickness  throughout  the  entire  plate.  The  outlines  of  the 
letters  may  be  inked  with  a  rather  heavy  line,  as  it  will  then 
be  simpler  to  fill  them  in  with  a  brush.  The  outline  of  the 
title  Full  Block  will  not  be  blacked  in,  and  the  pencil  lines  or 
squares  that  were  drawn  to  aid  in  forming  the  letters  will 
be  erased. 

After  all  the  outlines  and  other  work  has  been  inked  in, 
and  the  pencil  lines  and  other  marks  have  been  erased,  take- 
a  No.  4  red-sable  brush  and  black  the  letters  in  solid.  The 
utmost  care  is  here  required  so  as  not  to  run  the  brush  over 
the  lines.  Take  plenty  of  time,  and  see  that  the  ink  in  the 
brush  is  not  too  thick  and  that  there  are  no  hairs  or  pieces  of 
lint  to  catch  and  smear  the  plate.  Fill  in  each  letter  care- 
fully, and  complete  it  before  you  start  the  next.  By  paying 
careful  attention  to  these  points,  a  great  deal  of  future 
trouble  is  saved.     Do  not  hurry  your  work.  ' 


§5 


THE   FORMATION   OF   LETTERS 


9.  First  ink  in  all  the  light  lines  and  light  dotted  lines 
(which  have  the  same  thickness);  then  ink  in  the  heavy 
required  lines  after  the  pen  has  been  readjusted.  The 
student's  name,  followed  by  the  words  "Class"  and  "No.," 
and  after  this  the  class  letters  and  number  should  be  printed 
in  the  lower  righl-hand  corner  i  inch  below  the  border  line, 
as  shown.  Thus,  John  Smith,  Class  No.  4529.  The  date 
on  which  the  drawing  was  completed  should  be  placed  in  the 
lower  left-hand  corner  below  the  border  line.  All  of  this 
lettering  is  to  be  in  capitals  i  inch  high.  Erase  the  division 
lines,  and  clean  the  drawing;  by  rubbing  very  gently  with  the 
eraser.  Care  must  be  exercised  when  doing  this,  or  the  ink 
lines  will  also  be  erased.  If  any  part  of  a  line  has  been 
erased  or  weakened,  it  must  be  redrawn.  Then  write  with 
a  lead  pencil  your  name  and  address  in  full  on  the  back 
of  the  drawing,  after  which  put  the  drawing  in  the  tube  in 
which  the  plate  was  sent  you,  and  send  it  to  the  Schools. 


PLATE,  TITLE!  HALF  BLOCK 
10.  The  Half  Block  letter  is,  in  many  respects,  similar 
to  the  Full  Block,  though  the  omission  of  the  spurs  necessarily 
changes  the  characteristic  appearance  of  the  letter.  The 
Half  Block  is  only  4  strokes  in  width,  while  its  height  is 
equal  to  the  width  of  5  strokes,  as  was  the  Full  Block. 
Another  detail  of  diflerence,  particularly  noticeable  in  the 
letters  C,  G,  and  S.  and  in  the  numerals  2,  3,  and  6,  is  the 
finish  of  the  extreme  comers  of  certain  letters.  The  Full 
Block  letter  C,  for  instance,  is  carried  to  the  point  6  a,  while 
in  the  Half  Block  it  is  cut  off  at  an  angle  corresponding  with 
the  opposite  side. 

On  this  plate  are  also  given  the  small,  or  lower-case,  letters 
of  the  alphabet,  to  draw  which  it  will  be  necessary  to  divide 
the  space  occupied  by  the  letters  into  J-inch  squares,  instead 
of  i-inch.  as  with  the  capital,  or  upper-case,  letters.  Upper 
case  and  lower  case  are  technical  terms  used  iii  the  printing 
trade  to  designate  the  capital  and  small  letters,  respectively, 
of  any  style.     The  partitioned  tray  in  which  the  individoal 
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pieces  of  type  correspondine  lo  each  letter  are  kept  is  called 
a  case,  and  the  one  containiiiE  the  small  letters  is  set  in  front 
of  the  compositor,  while  the  case  containing  the  capitals  is 
placed  above  and  back  of  this.  Hence  the  names  uppercase 
and  lower  case.  The  old  technical  names  were  majuscules 
for  the  capital  letters  and  minuscules  for  the  lower-case 
letters,  but  we  will  confine  ourselves  to  the  simpler  terms. 

11.  On  a  sheet  of  drawing  paper  15  inches  by  20  inches 
draw  a  rectangle  15  inches  long  and  8i  inches  high  as 
required  in  the  previous  plate.  These  pencil  lines  serve  as 
the  lines  from  which  all  measurements  are  to  be  taken. 
Begin  at  the  lower  left-hand  corner  of  the  border  line  and 
measure  off  on  the  left-hand  line  1  h  inches  for  the  lower-case 
line,  t  inch  space,  and  li  inches  for  the  three  lines  of  upper- 
case letters  with  |  inch  space  between  them.  The  title  Half 
Block  will  then  be  J  inch  above  the  top  line  of  letters  and 
i  inch  high.  Divide  the  space  for  upper-case  letters  into 
squares  \  inch  each  by  means  of  a  triangle  and  T  square, 
and  similarly  divide  the  space  for  the  lower-case  letters  into 
i-inch  squares. 

The  corners  of  the  letters  are  beveled  at  the  same  angle 
as  in  the  Pull  Block;  that  is,  in  the  letter  B.  for  instance,  the 
bevel  line  extends  from  i  c  to  a  point  J  stroke  above  5 1>,  but 
the  proportionate  widths  of  some  of  the  letters  differ  greatly 
from  those  in  the  previous  plate.  The  letters  A,  M,  W, 
and  Y  are  each  1  stroke  wider,  and  the  character  &  and  the 
numeral  4  are  each  i  stroke  wider  than  the  other  letters  of 
this  alphabet,  while  the  L  is  5  stroke  narrower.  It  is  well 
to  hear  these  facts  in  mind,  to  compare  the  two  plates 
closely,  and  to  study  the  points  wherein  these  letters  differ. 
The  left  extremity  of  the  J  is  the  same  as  the  Full  Block, 
while  the  L  is  left  plain.  The  middle  strokes  of  the  M  on 
line  /  are  finished  one-half  the  width  of  1  stroke. 

12.  The  points  of  contact  in  the  tail  of  the  Q  are  i  stroke 
below  and  1  stroke  to  the  right  oi  3d  and  4  f.  The  length 
of  lail  below  the  line,  from  -//is  three-fourths  the  width  of 
1  stroke.     The  tail  of  the  R  is  i  stroke  to  the  left  of  line  5, 
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and  the  bevel  of  the  tail  is  one-half  that  of  other  letters. 
A  bevel  also  occurs  in  the  tail  near  3d  to  the  vertical  stroke. 
The  vertical  stroke  of  the  T  is  one-half  on  each  side  of 
line  5.  The  middle  strokes  of  the  W  are  J  stroke  wide  on  a, 
equally  divided  by  line  3.  On  /,  these  strokes  are  also 
J  stroke  wide,  divided  by  line  2,  i  stroke  to  the  right  and 
i  stroke  to  the  left,  and  on  If  this  is  correspondingly 
reversed,  as  likewise  the  outside  strokes  on  a  are  1  stroke 
wide,  i  stroke  within  the  letter  at  lines  J  and  5,  and  i  stroke 
outside  these  lines. 

The  horizontal  bar  in  the  numeral  4  is  dropped  i  stroke 
below  the  center,  while  the  horizontal  bar  of  the  A  is  1  stroke 
below.  The  two  points  that  govern  the  left-hand  outline  of 
the  numeral  4  are  a  stroke  to  the  left  and  i  stroke  below  7  d. 
The  character  &.  is  entirely  different  in  outline  from  that  of 
the  previous  plate,  the  points  of  contact  being  Ic  to  if. 
The  upper  cross-stroke  is  guided  by  points  Id  and  ic.  The 
other  stroke  parallel  with  this  is  made  from  points  i  d  and  5  /. 


13,  The  lower-case  letters  are  \  inch  high  and  \  inch 
wide,  and  their  stroke  is  one-half  the  stroke  of  the  capitals. 
in  this  case  i  inch.  All  letters  that  extend  above  line  a  are 
I  inch  higher,  except  the  letter  /,  which  is  only  i  inch  above; 
all  other  letters  extend  below  line  /  \  inch,  except  the  g, 
which  is  \  inch  below  /. 

The  beveled  end,  which  occurs  in  the  vertical  stroke  of  the 
numeral  5,  is  also  used  on  the  lower-case  letters  b,  d,  m,  n,  p,  q, 
r,  and  u.     The  same  rule  that  applies  to  the  capitals  is  also, 
observed  in  the  lower-case  letters  in  regard  to  the  beveled 
corners.     The  points  of  contact  in  the  lower  portion  of  the 
letter  g  are  a  stroke  below  H  to  2  f,  and  1  stroke  below  I4 
to  2  strokes  below  2  f.     The  points  of  contact  in  the  letter  k 
are  h  stroke  to  the  right  of  3  a  to  2  c.  and  from  k  stroke  t(d 
the  right  oi  4  f  to  3  c.     The  m   occupies  5  stroke  spacesS 
The  w  is  identical  with  the  capital  letter.     The  x  is  equally^ 
divided  on  lines  1  and  3.     The  y  occupies  4  stroke  spaces^j 
the  points  of  contact  in  this  letter  are  5  a  to  2  strokes  beloW 
3f,  and  from  there   to  a  point  §  stroke  to  the  right  i 
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3  strokes  below  J f,  then  from  la  to  3/,  intersecting  the 
other  stroke. 

After  the  letters  of  this  plate  have  been  drawn,  proceed, 
as  directed  in  the  first  plate,  to  ink  and  fill  them  in,  observ- 
ing the  same  directions  regarding  the  name,  class  letters  and 
number,  and  date,  after  which  the  work  should  be  carefully 
cleaned  from  all  pencil  marks. 


PLATE,  TITLE:  ANTIQUE  HALF  BLOCK 

14.  The  Antique  Ilair  Block  differs  from  the  simple 
Half  Block  in  very  few  points,  the  principal  one  being  the 
addition  of  a  triangular  spur  to  every  corner  on  the  side  of 
each  letter.  The  preparatory  work  of  dividing  the  lettering 
spaces  into  i-inch  squares  is  identically  the  same  as  in  the 
previous  plates,  with  the  exception  of  the  line  for  the  title, 
which  is  tV  inch  high.  The  corners  of  the  letter  are  beveled, 
following  the  same  rule  as  in  the  previous  plate,  but  the  line 
of  the  bevel  is  carried  to  6  and  e,  from  which  points  it  is 
brought  back  to  the  body  of  the  letter  at  as  sharp  an  angle 
as  possible,  thus  forming  an  acute  spur  on  those  sides  of  the 
letter  that  are  beveled. 

15.  The  spurs  on  the  strokes  at  lines  a  and  /are  carried 
i  stroke  to  the  right  and  left  of  the  stroke  of  the  letter,  and 
are  brought  back  to  the  stroke  of  the  letter  i  stroke  above 
the  line  /  or  below  the  line  a. 

The  character  of  the  letters  C,  G,  and  S  and  the  numerals 
2  and  3  is  slightly  changed,  which  gives  rise  to  an  important 
change  in  the  classification  of  this  style  of  alphabet.  This 
change,  though  slight,  causes  the  Antique  Half  Block  to  be 
classed  in  the  list  with  freehand  alphabets.  These  letters 
and  numerals  have  a  spur  extending  above  the  line  a,  and  a 
spur  on  the  S  extending  also  below  the  line  /.  These  partic- 
ular spurs  are  curved  back  to  the  lines  a  and  /. 

The  letter  C  is  carried  i  stroke  below  the  point  5d,  from 
which  point  a  line  is  carried  toward  3  d,  which  gives  the  proper 
angle  to  the  end  of  the  spur.     On  this  line,  point  off  about 
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i  stroke  to  the  left  of  line  5,  which  will  give  the  width  of  the 
spur,  and  with  a  radius  of  J  stroke  draw  a  (.jiiarter  circle  tan- 
gent to  line  b.  The  lower  extremity  of  this  letter  is  carried 
in  the  same  manner  to  5d. 

16.  The  spur  on  the  letter  L  is  i  stroke  above  line  e,  join- 
ing back  to  the  stroke  at  an  angle  of  45°.  The  M  is  finished 
without  the  spur,  at  points  2  a  and  5  a,  as  is  also  the  N  at  2  a, 
and  the  numerals  1  al  S  a ,  A  a\  4  a,  b  aX  1  a,  and  1  aX.  2  f  and  3  f. 

The  character  of  the  R  is  changed  in  this  style,  the  change 
occurring  in  the  tail  of  the  letter,  the  points  of  contact  being 
i  stroke  to  the  right  of  J  d  and  5f. 

The  lower  extremity  of  the  numerals  3,  5,  and  9,  and  the 
upper  extremity  of  the  numeral  6  are  finished  the  same  as 
were  the  simple  Half  Block  letters,  and  show  a  full  width  of 
stroke  at  this  point. 

17.  The  only  difference  in  the  lower-case  letters  from 
those  of  the  plain  Half  Block  style  is  the  spur,  which  is 
about  I  stroke  loiig,  and  the  finish  of  the  vertical  stroke 
letters,  which  are  not  beveled  on  the  end  as  on  the  previous 
plate.  These  letters,  as  well  as  letters  m,  n,  o,  p,  q,  r,  and  u, 
are  not  carried  above  line  a  or  below  line  /.  but  are  beveled 
parallel  with  the  spur.  The  extremities  of  the  lower-case 
letters  a.  c,  e,  and  s  are  finished  in  the  same  manner  as  are 
the  capitals  C,  G,  and  S. 

18.  In  drawing  this  plate,  bear  all  these  points  of  com- 
parison well  in  mind,  and  refer  frequently  to  the  previous 
plate,  in  order  to  note  and  compare  the  differences.  Layoff 
the  measurements  from  the  lower  left-hand  corner  of  the 
border  line,  precisely  the  same  as  on  the  previous  plate,  and 
divide  the  lines  for  letters  into  squares,  representing  in  each 
dimension  the  width  of  the  stroke  of  the  capital  letters  and  the 
lower-case  letters.  Draw  the  letters  in  as  usual,  outline  the 
letters  of  the  title  in  the  center  of  the  plate  according  to  the 
measm-emenis  given,  and  erase  the  border  line  or  sncb  parts 
of  it  as  do  not  enter  into  the  formation  of  the  lower  spaces. 

Insert  the  date,  name,  and  class  letters  and  number  as  in 
previous  cases,  and  send  plate  in  to  the  Schools  for  correction. 
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PLATE,    TITLE:    RAILROAD    BLOCK 

19.  RallroHd  block,  as  its  name  implies,  is  designed  to 
fill  spaces,  such  as  the  frieze  and  dado  of  railroad  coaches, 
that  are  too  long  in  proportion  to  their  height  to  admit  of  the 
use  of  any  other  style.  It  is  an  elongated  block  letter,  with 
only  such  changes  in  certain  of  its  details  as  are  necessary  to 
make  the  elongated  form  practical.  The  height  of  the  letters 
of  this  plate  is  i  inch,  while  the  breadth  is  2iV  inches,  or  two 
and  one-half  times  its  height,  with  the  exception  of  the  letters 
A,  I,  K,  M,  V,  X.  and  Y;  while  the  general  characteristics  of 
the  letters  are  the  same  as  those  of  the  Fii!I  Block,  assuming 
that  the  Full  Block  were  designed  in  rectangles  whose  longi- 
tudinal dimensions  were  greater  than  their  height  in  the  same 
proportion  as  is  the  breadth  to  the  height  of  these  letters. 
Railroad  Block  letters  can  be  elongated  to  three  and  some- 
times even  four  times  their  height  without  becoming  distorted  , 
or  badly  proportioned, 

SO.     To  design  this  plate,  begin   at  the  lower  left-hand 
comer  of  the  border  line,  as  before,  and  point  off  on  the  ver- 
tical line  of  the  margin  six  spaces  of  I  inch  each  for  the  lines  of 
the  letters,  and  five  spaces  of  t^  inch  each  between  the  lines  of 
the  letters.   The  title  is  i  inch  high  and  A  inch  above  the  upper   . 
line  of  letters.     The  horizontal  strokes  of  the  letters  in  this 
style  are  A  inch  wide;  in  locating  them,  lay  off  A  inch  below 
line  a  and  above  line  /  and  draw  lines  6  and  ei  then  locate  ( 
line  c  I  inch  ab&ve  line  /,  and  draw  line  rf  sV  inch  below  c,  i 
The  vertical  strokes  are  all  h   inch  wide,  and  the  slantins"' J 
Strokes  are  all  s  inch  wide;  but.  on  this  plate,  when  reference  J 
is  made  in  connection  with  any  part  of  a  letter  being  propor-. 
tional  to  its  stroke,  the  1-inch  stroke  is  always   intended.  J 
Each  letter  is  drawn  within  a  rectangle,  the  height  of  which  J 
is  equal  to  the  height  of  the  letter,  and  the  length  of  which  ini 
equal  to  the  length  of  the  letter  between  two  vertical  lines  1 
passing  through  its  extremities,  exclusive  of  the  spur.    With  J 
the  exception  of  nine  letters,  all  these  rectangles  are  3i  strokes  2 
wide;  of  these,  W  is  the  widest,  being  bi  strokes,  and  N  is;  ] 
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the  narrowest,  being  Zi  strokes.  The  others  are  as  follows;  j 
K,  4  strokes;  T,  43  strokes;  Aand  V,  4b  strokes;  M,4i  strokes;! 
and  X  and  Y,  46  strokes  each. 


21.  Commencing  on  the  first  line  of  letters,  draw  a  vep-^ 
tical  line  i  stroke  to  the  right  of  the  left-hand  border  line,  ' 
and  a  strokes  to  the  right  of  this  draw  another  vertical  line, 
thus  completing  the  rectangle  within  which  the  letter  A  is  to 
be  drawn.  Draw  the  rectangle  for  each  of  the  other  letters 
on  the  lop  line  in  the  same  manner,  leaving  a  space  of  1  stroke 
between  the  B  and  C,  and  spaces  of  1}  strokes  between  the 
A  and  B,  and  li  strokes  between  the  C  and  D,  the  width  of 
all  the  other  letters  on  top  of  the  line  being  3b  strokes.  If 
these  rectangles  are  proportioned  properly,  there  shoiild  be 
a  space  of  a  stroke  between  the  right-hand  end  of  the  rect- 
angle containing  the  E  and  the  right-hand  border  line.  In 
a  similar  manner,  draw  the  rectangles  containing  the  letters 
in  the  second  line,  making  the  first  vertical  line  of  the  rect- 
angle containing  the  F  if  strokes  from  the  left-hand  border 
line.  In  spacing  the  other  letters,  leave  1  stroke  between  F 
and  G  and  between  I  and  J,  Ij  strokes  between  G  and  H,  and 
li  strokes  between  H  and  I.  On  the  third  line  of  letters, 
the  rectangle  containing  the  K  is  2  strokes  from  the  left- 
hand  border  line,  while  the  space  between  it  and  the  rect- 
angle containing  L  is  li  strokes.  Between  L  and  M,  and 
between  M  and  N,  are  spaces  of  I  stroke  and  2  strokes, 
respectively.  The  rectangle  containing  the  O  and  T  on  the 
next  two  lines  below  are  each  started  i  stroke  to  the  right 
of  the  left-hand  border  line.  The  space  between  O  and  P  is 
li  strokes;  between  P  and  Q.  a  space  of  1  stroke  exists;  the 
space  between  Q  and  R  is  li  strokes;  between  R  and  S,  a 
space  of  H  strokes;  between  T  and  U,  a  space  of  li  strokes; 
between  U  and  V,  a  space  of  ll  strokes;  and  the  space 
between  V  and  W.  1 1  strokes.  On  the  lowest  line  of  letters, 
a  rectangle  containing  the  X  is  started  li  strokes  to  the  right 
of  the  left-hand  border  line,  and  between  this  and  Y  is  a 
space  of  li  strokes,  while  between  Y  and  Z  there  is  a  space 
of  bat  i  stroke.     The  character  &  is  3i   strokes  wide   in 
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its  upper  part  and  3i  strokes  wide  in  its  lower  part.  The 
rectangle  containing  it  is,  therefore,  3d  strokes  long,  and  is 
located  2i  strokes  to  the  right  of  the  Z, 


22.  Proceed  to  draw  the  letter  A,  making  the  top  of  it 
on  line  a  i  stroke  in  width,  and  draw  the  outside  slanting 
strokes  to  the  lower  right  and  left  corners  of  the  rectangle. 
The  horizontal  stroke  of  the  A  is  equal  in  width  to  the  other 
horizontal  strokes  of  the  letters,  and  its  upper  edge  is  on 
line  d.  The  general  length  of  spurs  is  two-thirds  the  width  o£ 
the  stroke;  equal  to  the  distance  from  line  d  to  /.  Spurs  on 
slanting  strokes  should  be  twice  the  length  on  the  inside  to 
that  of  the  outside,  and  they  should  always  be  made  in  pro- 
portion to  the  length  of  spurs  on  vertical  strokes,  measuring 
on  line  a  or  /.  Exceptions  to  this  rule  occur  in  letters  K,  W, 
etc.,  which  will  be  overcome  by  proportion,  in  allowing 
proper  space  between  spurs.  In  joining  the  strokes  of  B  to 
the  horizontal  lines  that  form  the  spurs  on  the  left-hand  side, 
the  compass  may  be  used,  and  a  quarter  circle  described,  the 
radius  of  which  is  equal  to  half  the  distance  between  lines  6 
and  (,  and  the  center  of  the  quarter  circle  located  below  the 
top  or  above  the  bottom  and  to  the  left  of  the  stroke  of  the 
letter  a  distance  equal  to  the  radius,  as  shown  in  the  letter  B. 
The  bevel  in  this  letter  extends  from  a  to  b  and  from  e  to  f 
the  full  width  of  the  stroke.  In  drawing  C,  E,  G,  S,  T,  and  Z, 
a  full  width  of  one  of  the  horizontal  strokes  (which  in  this 
case  is  -h  inch)  is  left  between  the  upper  extremity  of  the 
letter  and  the  line  c.  On  the  letters  C,  G,  and  S,  a  slight 
spur  is  extended  above  the  line  «,  and  on  the  S,  below  the 
line  /.  The  letter  F  has  its  upper  extremity  resting  on  line  c, 
and  the  lower  extremities  of  the  letters  J  and  L  extend  to 
line  d.  The  middle  strokes  of  the  letters  E  and  F  are  equal 
in  length  to  one-half  of  the  space  inside  these  letters.  The 
widths  of  A,  M,  N,  V,  and  W,  where  their  smaller  extremity 
rests  against  the  line  a  or  /,  vary  considerably.  In  A,  it  is 
i  stroke;  in  M,  but  i  stroke;  in  N,  i  stroke;  in  W  it  is  f  stroke; 
and  in  V,  J  stroke.  In  drawing  K,  the  light  slanting  stroke 
joins  the  body  stroke  midway  between  d  and  e.     The  heavy 
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slanting  stroke  joins  the  light  slanting  stroke  on  the  left  sidsj 
at  line  d. 

23.     The  slanting  strokes  of  M  and  N  start  on  the  left  1 
from  a  point  on  the  vertical  stroke  the  width  of  the  narrow  J 
stroke  above  line  c.     The  light  slanting  stroke  of  M  is  joined  " 
to  the  top  of  the  letter  at  the  intersection  of  the  heavy  stroke   . 
on  line  a.     Observe  that  the  heavy  slanting  stroke  in  all  let- 
ters, with  the  exception  of  the  Z,  inclines  in  the  same  direc-  j 
tion,  and  that  where  two  slanting  strokes  come  together, 
one  of  which  is  heavy  and  the  other  is  light,  that  the  heavy  ' 
stroke  is  on  the  left  side  in  the  U,  V,  W,  and  Y,  and  on  the   | 
right  side  in  the  A,  K,  and  M.     The  tail  of  the  R  is  nearly 
I  stroke  to  the  left  of  the  line  of  the  rectangle  enclosing  the 
letter.     The  spaces  between  the  heavy  strokes  of  the  letter  T 
each  equal  the  distance  from  line  d  to  line  /.     The  center  of 
the  letter  V  where  it  rests  on  line  /  is  the  middle  of  the 
base  of  the  rectangle  containing  the  letter. 

34.  To  draw  the  W,  eittend  the  rectangle  containing  it 
the  width  of  the  narrow  stroke  to  the  right,  or  to  four  times 
the  height  of  the  letter,  and  divide  this  increased  rectangle 
vertically  into  four  squares.  A  line  drawn  from  points 
«  stroke  to  the  left  ai-il  and  5  a  will  give  the  right  outline  of 
right  narrow  stroke,  and  from  points  Ha  to  2 /will  give  the 
left  line  of  the  left  narrow  stroke.  The  only  points  to  be 
observed  are  those  of  the  three  spaces  within  the  letter,  or 
the  points  where  the  narrow  and  heavy  strokes  intersect;  the 
middle  point  is  the  width  of  the  narrow  stroke  above  c  and  the 
others  are  the  same  distance  below  i/.  With  a  knowledge  of 
the  width  of  the  slanting  strokes,  these  points  are  all  that  are 
necessary  to  complete  the  letter.  The  letter  X  is  drawn  so 
that  the  upper  line  of  the  heavy  stroke  and  the  lower  line  of 
the  light  stroke  extend  into  the  corners  of  the  rectangle  on 
the  right  side  of  the  letter;  and  the  lower  line  of  the  heavy 
stroke  and  the  upper  line  of  the  light  stroke  extend  into  the  1 
corners  of  the  rectangle  on  the  left  side  of  the  letter. 

25.     The  method  of  keeping  the  ontlines  of  these  strokes! 
parallel  is  the  same  as  in  the  case  of  the  diagonal  stroke  oCl 
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the  letter  N  described  in  connection  with  the  Full  Block 
alphabet.  In  drawing  the  Y,  the  upper  point  of  contact 
between  the  diagonal  heavy  stroke  and  the  vertical  stroke  is 
on  line  t.  and  the  direction  of  the  lower  line  of  the  heavy 
stroke  carries  it  into  the  upper  left-hand  corner  of  the  rect- 
angle containing  the  letter.  The  vertical  stroke  is  exactly 
in  the  center  of  the  rectangle.  The  upper  and  lower  widths 
of  the  character  &  have  already  been  given,  but,  in  order  to 
secure  the  correct  outline  of  the  character,  observe  that  the 
lower  left-hand  stroke  is  one-half  the  narrow  stroke  less  in 
height  on  the  end  than  the  lines  ile.  The  slanting  stroke  on 
the  right-hand  side  of  the  letter  begins  'on  line  /  at  a  point 
equal  to  the  width  of  the  narrow  stroke  to  the  right  of  the 
inside  of  the  letter,  and  the  slant  of  this  stroke  is  such  as  to 
render  it  parallel  with  the  upper  right-hand  beveled  portion 
of  the  letter  and  keep  it  distant  the  width  of  the  narrow 
stroke  from  that  point.  It  is  necessary  to  use  much  care  in 
connecting  the  slanting  stroke  with  the  spur  and  to  make 
the  curves  as  small  and  symmetrical  as  possible,  so  that 
their  apparent  length  is  equalized. 

26,  Having  drawn  in  all  the  letters  in  pencil,  the  title 
should  be  drawn  to  correspond  with  the  letters  of  this  alpha- 
bet, and  should  not  exceed  1  inch  in  height.  Ink  in  the 
whole  plate  carefully  according  to  the  rules  laid  down  for 
drawing  the  body  of  the  plate,  leaving  the  inking  of  the  title 
until  the  completion  of  the  plate  otherwise;  using  the  draft- 
ing pen,  T  square,  and  triangle  when  inking  the  horizontal 
and  perpendicular  lines,  and  using  the  triangle  alone  for  the 
bevel    lines   at   the  corners  of  the  letters,   but  turning  all 

5  curves  from  the  strokes  to  the  spurs  on  the  insides  of 
the  letters  with  the  brush,  freehand.  The  letters  should  then 
be  filled  in  with  a  brush,  as  with  the  previous  plates,  and  all 
construction  marks  erased  from  the  plate,  except  the  six 
horizontal  lines  a, /',f,  n',  c,  and/,  and  the  vertical  lines  clo- 
sing the  ends  or  each  line  of  letters.  In  the  left-hand  corner 
the  date,  and  in  the  right-hand  corner  the  name  and  class 
letters  and  number,  should  then  be  carefully  printed,  as  usual. 
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PLATE,  TITLE!  ROUND  FULL  BLOCK 
27.  The  Round  Fnll  Block  letters  are  precisely  t 
same  as  the  Full  Block,  except  that  the  corners  are  round, 
instead  of  beveled.  The  proportions  of  the  letter  are  identi- 
cal with  those  of  the  first  plate.  With  the  exception  of  the 
letters  O  and  Q,  the  curves  should  all  be  drawn  freehand. 
To  draw  this  plate,  begin  at  the  lower  left-hand  corner  of  the 
border  line,  and  divide  the  space  for  the  lettering  lines  and 
numerals  in  the  same  manner  as  for  Drawing  Plate,  title. 
Full  Block.  The  stroke  of  the  letter  will  then  be  the  same 
as  in  the  first  plate,  and,  though  all  letters  are  to  be  drawn, 
only  such  letters  will  be  here  described  as  possess  in  some 
of  their  parts  curved  outlines.  Infornnation  for  drawing 
straight  letters,  if  required,  can  be  obtained  by  reference  to 
the  Full  Block  plate.  The  letter  A  on  this  plate  is  all 
straight  lines,  as  in  the  former  plate,  but  the  letter  B  is 
rounded  from  the  points  -la  to  6  b,  overlapping  line  rt  slightly, 
in  order  to  give  full  width  to  the  rounded  stroke.  The  bottom 
of  the  letter  is  rounded  in  the  same  manner  to  -if,  where  the 
curve  stops.  The  inside  of  the  letter  is  rounded  from  ibloic. 
conforming  with  the  outline  above  described,  in  order  to  give 
equal  width  to  the  entire  stroke.  The  middle  bar  of  this 
letter  is  exactly  in  the  center  of  its  height,  the  lower  rounded 
stroke  thereby  making  a  duplicate  of  the  upper  one.  The 
letters  C  and  G  are  not  circular,  but  slightly  elliptic,  the 
points  through  which  the  curves  of  the  C  pass  being  6a, 
i  stroke  to  the  right  ot  3 a,  \  stroke  below  if,  i  stroke  to 
the  right  of  5/,  to  i  stroke  below  Gd.  The  line  from  here 
to  the  finish  of  the  letter  at  5d  should  be  somewhat  curved. 
The  hollow  curve  at  the  top  of  the  letter  from  ffa  to  the 
point  4  a  should  be  but  a  slight  depression,  just  sufficient  to 
show  that  there  is  a  curve  there.  At  a  point  i  stroke  above 
5c  begin  the  inside  curve,  keeping  it  perfectly  parallel  to  the 
line  of  the  outside.  In  the  letter  G  the  rounded  stroke  inter- 
sects the  lower  half  of  the  vertical  straight  stroke  at  €e. 
This  is  done  in  order  to  leave  sufficient  space  on  the  inside 
between  the  end  of  the  curve  and  the  horisontal  stroke. 
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28.  The  letters  O  and  Q  are  perfect  circles,  and  their 
entire  outline  can  be  drawn  with  a  compass.  The  letter  R 
and  the  letter  P  are  precisely  the  same  in  their  upper  portion 
as  the  letter  B.  The  tail  of  the  R,  however,  is  1  stroke  to  i 
the  ieft  of  the  right  side  of  the  letter,  and  extends  to  line  6 
without  curving  from  the  upper  portion  of  the  letter.  The 
smaller  curve,  where  it  leaves  the  letter  and  bends  toward  line 
0,  has  a  radius  equal  to  i  stroke;  the  larger  curve  in  the  under 
side  of  the  tail  of  the  R  is  an  arc  of  a  circle  with  a  radius  of 
ij  strokes.     The  curves  of  the    S   are   joined   at   a   point 

a  Stroke  to  the  right  of  5c  and  3d;  the  upper   and   lower 
extremities  of  the  letter  are  curved  somewhat  after  the  man- 
ner of  the  upper  extremities  of  C  and  G,  and  the  letter  is 
carried  slightly  above  the  line,  making  it  about  iV  stroke 
higher  than  the  other  letters.     This  is  done  to  preserve  an 
appearance  of  evenness,  as  it  would  otherwise  look  short. 
The  inside  curve  of   the   letter   U   extends   from    a   point  , 
i  stroke  below  2(f  to  a  point  i  stroke  below  5d;  the  outside  j 
curve  of  the  letter  extends  from  point  J^  to  point  6e,  and  is  i 
parallel   to  the  inside  curve,  each  curve  being  tangent  to   ! 
lines  e  and  /,  respectively. 

The  character  &  is  somewhat  distorted  in  order  to  corre- 
spond in  width  with  the  other  letters.     The  middle  stroke  is 
but  i  stroke  wide,  and  the  outline  of  the  upper  half  is  par- 
allel on  its  two  sides,  but  tapers  slightly  as  it  approaches  the  I 
middle  stroke, 

29.  In  the  numerals,  the  only  figures  that  i 
same  as  those  of  the  Full  Block  are  I  and  4.  The  lower 
left-hand  side  of  the  2  is  a  quarter  circle,  and  may  be  drawn 
with  a  compass,  if  desired,  with  the  center  at  point  i/.  The 
upper  part,  however,  is  not  the  arc  of  a  circle,  and  must  be 
drawn,  carefully,  freehand.  In  drawing  the  other  curved  J 
figures,  observe  carefully  points  where  they  intersect  the  i 
squares  in  which  they  are  drawn,  and  follow  the  lines  of  the  j 
plate  accurately. 

Observe  that  the  figure  5  terminates  in  the  lower  portion  J 
i  stroke  to  the  ieft  of  line  1.    Figure  7,  instead  of  possessing  ] 
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a  straight  stem,  has  a  compound  curve,  which  at  the  top 
and  botlotn  is  perpendicular  to  the  horizontal  guide  lines  of 
the  letter.  Draw  these  letters  carefully  and  ink  them  in, 
using  the  T  square  and  the  triangle  for  the  horizontal  and  per- 
pendicular lines,  and  the  triangle  alone  for  the  slanting  lines. 
The  O  and  Q  should  be  inked  with  the  compass,  but  the 
curves  of  the  other  lines  must  be  carefully  drawn  freehand 
with  pen,  making  each  line  form  an  even  stroke  without 
ragged  edges  or  appearance  of  overlapping.  Draw  in  the 
title  as  shown,  blacking  in  the  letters  with  a  brush,  as  here- 
tofore described.  Place  the  date  in  the  lower  left-hand 
comer,  and  the  name,  class  tetters  and  number  in  the  right- 
hand  corner.  ^ 

PLATE,  TITLE:  EGYPTIAN 

30.  The  Ei^-pttan  letter  is  very  frequently  referred  to 
as  Gothic — a  name  incorrectly  given.  The  general  formation 
of  the  letter  is  very  similar  to  the  Half  Block,  with  the 
exception  that  all  the  Half  Block  letters  that  are  beveled  on 
the  angles  are  round  in  the  Egyptian  style.  These  letters 
occupy  4  strokes  in  width,  with  the  exception  of  A,M,  W, 
and  Y,  and  the  numeral  4,  each  of  which  is  one  space  wider, 
and  the  letters  L  and  I,  which  are  i  stroke  and  3  strokes 
narrower,  respectively.  The  plate  is  lined  in  the  same 
manner  as  the  Half  Block  plate;  the  title  '  inch  high  is  t  inch 
above  the  top  line  of  the  letters.  The  round  portion  of  all 
the  letters  partakes  of  the  curve  of  an  ellipse,  and  with  the 
exception  of  a  few  special  instances,  the  rules  governing  the 
letters  O  and  P  can  be  applied  to  the  drawing  of  all  the 
letters  on  the  plate.  The  extreme  outline  of  the  letter  O  is 
a  nearly  perfect  ellipse,  the  breadth  of  which  is  4  strokes 
and  the  height  5  strokes.  The  curved  portion  of  the  letters 
B,  P,  and  R.  are  also  elliptic,  the  curve  starting  at  the  top  of 
line  3  in  each  letter.  The  middle  bar  of  the  H  is  raised 
i  stroke  above  the  center.  The  left-hand  portion  of  the 
entire  curve  of  the  J  is  a  quarter  circle,  extending  from  point 
2d  to  3e.  The  right-hand  portion  of  this  curve  is  elliptic, 
joining  the  straight  stroke  about  i  stroke  below  point  4  J, 
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The  outside  curve  of  the  letter  is  parallel  to  the  inside  curve. 
The  points  of  contact  in  the  letter  K  are  from  5  a  to  i  stroke 
below  2 rf;  the  other  slanting  stroke  is  from  point  5 /to  the 
line  c.  The  letter  M  extends  lo  line  /with  its  slanting  strokes. 
and  is  i  stroke  wide  on  the  line  /,  while  the  lower  part  of  the 
slanting  stroke  of  the  N  is  slightly  less  than  a  full  stroke  in 
width.  The  curve  of  the  tail  of  the  R  at  Jir  is  a  quarter 
circle,  the  radius  of  which  is  J  stroke,  the  outside  line  being 
made  parallel  to  it.  The  inside  curve  of  the  U  is  a  semicircle; 
the  outside  curve  is  elliptic,  and  joins  the  upright  strokes  at 
points  le  and  5e.  The  V  and  W  are  J  stroke  wide  where 
they  rest  on  line  /.  The  central  portion  of  the  W  is  »  stroke 
wide  where  it  rests  against  line  a.  The  angle  of  the  left- 
hand  portion  of  the  numeral  4  is  45°.  passing  through  the 
point  Irf,  the  upper  slanting  stroke  of  the  figure  crossing 
line  1,  i  stroke  below  the  point  Ir.  The  horizontal  stroke 
of  the  figure  is  i  stroke  each  side  of  line  d.  In  making  the 
figure  8,  the  stroke  between  line  c  and  d  is  reduced  about  one- 
eighth  of  its  regular  width  in  order  to  prevent  the  letter  from 
looking  top  heavy.  The  character  &  occupies  three  spaces 
in  width  above,  and  five  spaces  below  its  horinontal  center 
line,  and  the  middle  stroke  is  reduced  about  one-eighth  of 
the  regular  width.  The  lower-case  letters  are  lo  be  drawn 
as  shown,  following  the  same  general  directions  as  were 
given  in  connection  with  plate  entitled  Half  Block. 

31.  The  lower-case  letters  are  three  spaces  wide  by  five 
high;  they  are,  therefore,  more  elliptic  in  form  than  the 
capitals,  and  are  drawn  from  a  point  midway  between  2  and  3 
in  all  rounded  letters,  as  the  o.  An  exception  to  this  occurs 
in  such  letters  as  h,  m,  and  n,  in  which  case  the  curve  form- 
ing the  lop  of  the  letter  touches  n  at  line  .J.  The  horiEonlal 
strokes  of  the  f  and  t  extend  i  stroke  on  either  side  of  the 
vertical.  The  vertical  strokes  of  the  letters  m.  n.  p.  q,  r. 
are  extended  above  the  line  a  i  stroke  to  the  right,  and  are 
carried  below  the  line  in  a  corresponding  manner  on  the 
letters  b,  d.  and  u.  In  the  letters  a,  h,  m,  n,  u,  the  curved 
outline  of  the  letter  joins  the  vertical  stroke  on  lines  d  and  e. 
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The  letter  g  extends  4  strokes  below  /;  the  lower  portion  of 
the  letter  is  i  stroke  below  /  at  its  center,  while  the  upper 
extremity  reaches  a  point  1  stroke  above  a.  The  curved' 
end  of  the  vertical  strokes  of  the  letters  a,  j,  and  t  occupy 
but  ^-stroke  space,  while  that  of  the  f  occupies  a  full-stroke 
space. 

Having  finished  drawing  the  letters  in  pencil,  ink  the  plate 
carefully,  drawing  all  horizontal  lines  with  the  T  square  and 
all  vertical  lines  with  the  triangle,  but  turning  all  curves 
freehand,  using  a  No.  3  red-sable  brush,  as  none  of  the 
letters  will  admit  of  the  use  of  the  compass  to  advantage. 
Draw  in  the  title;  black  in  letters  on  the  body  of  the  platej 
put  the  date  in  the  lower  left-hand  corner,  and  the  name  and 
class  letters  and  number  in  the  lower  right-hand  comer,  as 
before.  

PLATE,  TITLEt    ANTIQUE  EGTPTIAW 

32.  The  form  of  Antique  EKyptlan  letter  is  almost 
identical  with  the  plain  Egyptian,  the  main  distinction  being 
observed  in  the  addition  of  a  spur  at  the  angles  of  the  letters, 
but  no  variation  occurs  in  the  proportion  of  the  letter  or  it3 
stroke.  This  style  is  very  popular  with  sign  painters  and 
letterers,  owing  to  the  adaptability  of  the  letter  to  a  great 
variety  of  forms,  to  suit  certain  specific  conditions.  Some 
letterers  make  the  spur  much  more  exaggerated  than  showQ 
on  this  plate,  and  others  make  it  scarcely  perceptible.  The 
examples  given  herewith,  however,  may  be  taken  as  aa 
average,  wherein  the  spur  projects  about  \  stroke.  All- 
letters  having  a  horizontal  stroke,  as  the  E,  L,  etc.,  have 
these  strokes  finished  with  a  beveled  end,  on  which  the  spur 
is  added  at  the  same  angle.  The  ends  of  the  strokes  of  the  C 
and  the  upper  stroke  of  the  G  and  S,  and  figures  2,  3,  5,  6, 
and  9  are  beveled  at  an  angle  opposite  to  that  of  the  other' 
letters  referred  to  above.  The  bevel  shown  on  the  upper 
terminal  of  C  is  made  by  drawing  a  line  from  a  point  i  strok© 
to  the  right  of  5  a  to  a  point  i  stroke  to  the  left  of  5f.  The 
middle  bar  of  the  A  is  1  stroke  below  the  center;  the  middle 
ttar  of  the  H  is  i  stroke  above  the  center;  while  the  middle 
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bars  at  the  E  and   F  are  exactly  in  the  center.     The  J  is  \ 
finished  with  a  spur  at  3  c,  as  well  as  just  above  le.     The 
points  that  determine  the  inclination  of  the  strokes  of  the  K 
are  from  5  a  to  s  stroke  below  2ii.  and  from  4  f  to  the  inter- 
section of  the  upper  slanting  stroke  with  line  3  s   stroke 
above  d.     The  two  slanting  strokes  of  the  M  meet  in  the 
center  of  the  letter  at  a  point  on  line  /,  and  no  spurs  exist  on 
the  insides  of  the   slanting  strokes  at  the  lop.     The  end, 
though  usually  finished  with  a  point  at  5/.  as  on  this  plate, 
is  often  finished  the  same  as  in  the  plain  Egyptian,  to  which  , 
the  spurs  are  added.     The  tail  of  the  Q  is  cut  on  an  anglsj 
of  45°,  the  shorter  side  being  1  stroke   in  length  and  thej 
longer  side  being  equal  to  the  distance  from  2e  to  3  f.     Tha;| 
tail  of  the  R  is  a  slanting  stroke;  the  points  of  contact  are! 
4d  to  3  f.    The  strokes  of  the  W  come  to  a  point  on  line  a  to  1 
correspond  with  the  M.     The  comer  of  the  Z  is  beveled  off  I 
at  about  the  same  angle  as  the  interior  of  the  5  and  top  of  I 
character  &,     The  long  slanting  stroke  of  the  character  &  is  | 
drawn  from  a  point  i  stroke  to  the  left  and  below  /  a  to  a  point   I 
i  stroke  to  the  right  of  4/.     The  corresponding,  or  upper, 
slanting  stroke,  from  its  top  to  the  beginning  of  the  curve, 
is  made  from  a  point  i  stroke  to  the  right  and  below  4  a  to  a 
point  2d.     The  other   slanting  stroke   intersects   the  long 
stroke  1  stroke  below  this  point,  and  is  parallel  with  upper 
stroke,  finishing  on  line  c.    The  curve  by  which  these  strokes 
are  united  is  f  stroke  to  the  left  of  line  1  at  e.     The  middle 
bar  of  the  numeral  3  is  beveled  at  a  slight  angle,  as  shown. 
The  character  of  the  numeral  5  is  changed  at  the  point  where 
the  vertical  stroke  joins  the  curved  bottom  portion  of  the 
numeral  5.     The  point  added  below  the  line  d  is  necessary 
to  fill  cut  the  space  to  the  line  of  the  curve.     The  numerals 
6,  8.  and  9  are  about  k  stroke  wider  than  the  other  characters, 
but  are  similar  in  other  respects  to  the  samj  numerals  in  thflj 
plain  Egyptian  alphabet. 

33.  The  lower-case  letters  are  in  many  respects  the  samo  J 
as  those  in  the  plain  Egyptian  alphabet,  although  tnanyf 
exceptions  occur.     All  strokes  extending  above  the  line  i 
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are  cut  at  an  angle  of  60°,  to  which  the  spur  is  added  at  the 
same  angle.  This  characteristic  is  also  observable  on  letters 
of  shorter  height,  such  as  the  i,  j,  m,  n,  etc.,  but  the  ends  of 
the  strokes  of  all  letters  extending  below  the  line  are  finished 
without  this  detail.  Other  information  concerning  the  lower- 
case letters,  as  to  their  proportion,  spacing,  etc.,  will  be 
found  in  the  Drawing  Plate,  title,  Egyptian. 

Having  finished  drawing  the  letters  in  pencil,  they  should  be 
inked  carefully,  drawing  all  horizontal  lines  with  the  T  square 
and  all  vertical  lines  with  a  triangle,  but  making  all  curves 
freehand,  using  the  red-sable  brush,  as  none  of  the  letters 
will  admit  of  the  use  of  the  compass  to  advantage.  Draw  in 
the  title,  as  shown;  black  in  the  letters  in  the  body  of  the 
plate  carefully,  lettering  the  date  in  the  lower  left-hand 
comer,  and  the  name  and  class  letters  and  number  in  the 
lower  right-hand  comer,  as  before. 


PLATE,  TITLE!  ANTIQUE  EGYPTIAN  (LIGHT) 

34.  In  drawing  this  plate,  all  guide  lines  will  be  omitted, 
except  the  lettering  lines  that  limit  the  top  and  bottom  of  the 
letter.  It  will  therefore  be  necessary  to  count  the  number 
of  letters  in  each  line,  and  to  divide  this  line  proportionately, 
so  that  each  letter  will  fill  its  proper  space.  The  capital 
letters  and  figures  in  this  plate  are  li  inches  high,  as  in  the 
previous  plates,  and  the  average  width  is  1  inch,  but  the 
letters  A,  M.O.Q,  S,W,  etc..  are  wider  than  the  average, 
and  the  letters  I,  L,  and  N  are  narrower,  as  will  be  pointed 
out  hereafter. 

On  the  top  line  are  twelve  letters,  the  widest  of  which,  A, 
is  li  inches;  the  narrowest,  the  I.  being  but  A  inch,  or  equal 
to  the  width  of  1  stroke.  Commencing  at  the  lower  left- 
hand  corner,  divide  the  plate  as  follows  for  the  first  line  of 
letters:  li  inches  above  the  lower  border  line  draw  a  line 
to  limit  the  top  of  the  lower-case  letters;  li  inches  above 
the  lower  border  line,  draw  a  line  to  limit  the  top  of  the 
body  of  the  lower-case  letters;  and  i  inch  above  the  lower 
border  line  draw  a  line  on  which  the  bodies  of  the  lower-case 
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letters  rest.  The  g,  j.  p,  q,  and  y  will  then  extend  below  this 
line  on  the  lower  border  line.  Three-fourths  inch  above  the 
top  line  of  the  lower-case  letters  draw  a  horizontal  line  on 
which  the  numerals  shall  rest.  The  numerals,  like  the  two 
lines  of  letters  above,  are  li  inches  high,  with  a  space  I  inch 
between  them  and  the  line  above.  The  title  is  «  inch  above 
the  top  line  of  lettering,  and  its  letters  are  i  inch  high. 
This  style  of  lettering  is  an  extreme  form  of  the  Egyptian 
letter,  and  in  many  respects  is  the  most  useful  form  it 
assumes.  The  lines  are  extreme  and  do  not  follow  the  con- 
ventional regularity  of  the  lines  of  letters  on  the  Full  Block 
or  Half  Block  plates,  but  are  governed,  nevertheless,  by 
certain  rules  that  must  be  followed  carefully  to  observe 
their  proportions,  particularly  in  this  plate,  as  it  is  the  first 
one  to  be  drawn  entirely  freehand. 

35.  Begin  this  plate  by  drawing  the  letter  A,  which  rests 
on  the  lower  line,  5  strokes  to  the  right  of  the  left-hand 
border  line.  The  width  of  the  letter,  exclusive  of  its  spurs, 
is  the  same  as  its  height,  and  the  cross-bar  is  2§  strokes 
above  the  bottom  line.  In  connection  with  this  plate  we 
meet  with  an  entirely  new  detail  in  lettering,  as  seen  at  the 
lop  to  the  left  of  the  letter  A.  This  detail  is  called  the  cyma, 
from  the  Greek  Ay/io,  kyma,  meaning  "a  wave."  Its  pur- 
pose, in  most  instances,  is  to  till  the  space  between  the 
slanting  parts  of  the  letter,  or  extremities,  that  are  likely  to 
cause  wide  openings  when  two  letters  are  placed  together. 
It  is  also  used  in  some  places  to  form  the  finishing  stroke  of 
a  letter,  as  in  the  Q  and  Z.  In  subsequent  plates,  its  use  in 
the  construction  i^f  letters  will  be  observed,  as  it  forms  a 
component  part  in  many  letters  in  the  German  Text.  Old 
English,  and  Church  Texts.  The  cyma  on  the  letter  A  is 
8  strokes  in  length  and  1  stroke  to  the  left  of  the  point  of  A. 

The  vertical  stroke  of  the  B  is  about  3  strokes  to  the  right 
of  A,  but  the  length  of  the  line  should  be  so  proportioned 
that  the  letters  are  evenly  divided,  and  not  lay  off  each  letter 
by  measurements  taken  from  its  neighbor.  The  middle  bar 
of  the  B  is  8  strokes  above  tlie  bottom  line;  the  upper  portion 
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of  the  letter  is  5  strokes  from  top  line,  and  the  lower  part 
projects  1    stroke   beyond   the   upper  part.     The  curves   of 
the    B   are   carried   into    the   middle   bar  independently  of 
each  other,  and  start  from  the  horizontal  bars  at  about  the_ 
center  of  the  letter.  1 

36.  The  C  is  a  perfect  circle  as  far  as  it  goes,  and 
the  spur  on  the  inside  is  about  2  strokes  below  the  top 
line;  the  lower  extremity  of  the  letter  projects  a  full  stroke 
beyond  the  top,  and  finishes  in  a  point  3  strokes  above  the 
lower  line.  The  curved  portion  of  the  letter  D  is  semi- 
circular, and  becomes  tangent  to  the  horizontal  top  and 
bottom  lines  3  strokes  to  the  right  of  the  vertical  line. 

The  middle  bar  of  the  E,  F,  G,  and  H  are  all  on  one  line, 
4  strokes  below  the  top  of  the  letter.  This  bar  in  the  E 
and  F  extends  to  within  2  strokes  of  the  right  extremity  of 
the  letter.  The  slanting  stroke  of  the  K  begins  3  strokes 
above  the  lower  line,  and  extends  to  the  top  line,  where  the 
end  is  beveled  at  an  angle  of  about  60°.  The  L  is  1  stroke 
narrower  than  the  other  letters,  and  the  cyma  is  placed  over 
it  so  that  its  lower  extremity  is  even  with  the  right-hand 
portion  of  the  letter. 

The  M  is  2  strokes  wider  than  the  other  letters  and  starts 
i  stroke  to  the  right  of  the  border  line,  to  leave  sufficient 
room  for  the  spur.  In  some  cases,  the  M  is  made  precisely 
like  an  inverted  W,  except  that  at  the  union  of  the  two  slant- 
ing strokes  the  letter  is  finished  flat  with  a  spur,  instead  of 
being  pointed,  as  in  the  W,  On  this  plate,  the  middle  slant- 
ing strokes  of  the  M  are  brought  to  a  point  one-half  the 
width  of  the  letter  below  the  top  line.  The  slanting  stroke 
of  the  N  commences  on  the  vertical  stroke,  one-fonrth 
the  width  of  the  letter  above  the  bottom  line. 

37.  On  this  plate,  there  is  a  difference  between  P  and  R 
that  was  not  seen  on  previous  plates.  The  loops  are  entirely 
different  in  style,  the  middle  bar  of  the  P  being  4^  strokes 
from  bottom  line,  while  the  same  stroke  of  the  R  is  6f  strokes 
above  the  bottom  tine.  The  tail  of  the  R  intersects  the 
middle  bar  at  a  point  where  the  curve  becomes  tangent.    The 
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letter  S  begins  to  curve  each  way  from  a  point  in  the  center 
of  the  letter  on  a  line  with  the  middle  bar  of  R.  The  letter 
is  narrower  at  the  top  than  at  the  bottom,  the  proportions 
being  about  the  same  as  in  the  numeral  3,  hereafter  described. 

The  W  is  practically  two  V's  joined  at  a  point  23  strokes 
below  top  line.  The  cyma  over  the  W  is  so  placed  as  to  fill 
the  space  between  its  upper  extremity  in  the  same  manner 
as  the  cyma  is  placed  in  the  lower  part  of  M.  This  is  not  a 
component  part  of  the  letter,  however,  and  in  many  cases 
may  be  omitted  with  advantage. 

The  vertical  stroke  of  the  Y  extends  6|  strokes  above  the 
bottom  line,  the  letter  being  12  strokes  wide  on  top.  The  X 
is  9  strokes  wide  on  top  and  4  strokes  wider  on  the  bottom. 
Z  and  the  numeral  7  are  of  the  average  width  on  top,  and  the 
former  may  be  finished  in  the  same  manner  on  the  bottom, 
or  with  a  cyma,  as  shown  on  the  plate. 

The  character  &  is  10  strokes  wide  on  the  horizontal  part 
of  the  letter,  the  longer  slanting  lines  extending  to  the  right 
1  stroke  beyond  the  line  of  top  of  letter.  This  line,  divided 
into  three  equal  parts,  will  give  about  the  location  where  the 
other  two  slanting  strokes  intersect  the  longer  one.  These 
two  strokes  are  parallel  and  joined  with  a  semicircle,  as  shown. 

38.  The  figures  differ  somewhat  from  the  letters  on 
accooDt  of  their  elliptic  form.  The  numeral  2  curves  in  each 
direction  from  a  point  one-half  its  height.  The  numeral  3  is 
much  narrower  at  the  top  than  at  the  bottom,  and  its  sides 
can  be  enclosed  in  an  isosceles  triangle  whose  height  is 
about  three  times  the  height  of  the  letter.  The  middle  bar  of 
the  figure  3  is  7  strokes  from  the  bottom  line,  and  is  carried 
to  the  left  and  beveled  off  in  line  with  the  bevel  of  the  top 
stroke.  The  middle  bar  of  the  4  is  7  strokes  from  the  top 
line,  and  extends  9b  strokes  to  the  left  and  4  strokes  to  the 
right  of  the  vertical  line.  The  upper  curve  of  5  is  4?  strokes 
from  top  tine,  and  upper  portion  of  the  elliptic  curve  of  6  is 
Ij  strokes  below  the  top  line,  which  distance  is  the  same 
between  the  lower  curve  of  9  and  the  bottom  line,  6  and  9 
beins  simply  reversed. 
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The  stem  of  the  7  extends  below  the  line  4  strokes,  and 
the  figure  is  finished  horizontally  with  a  spur.  The  figure  8 
is  12  strokes  long  on  the  top  line,  and  the  slanting  strokes 
of  the  figure  intersect  2f  strokes  below  the  top  line  and  are 
joined  on  the  loop,  which  is  12  strokes  wide,  and  forms  the 
lower  portion  of  the  figure. 

39.  The  lower-case  letters  are  similar  in  general  outline 
to  those  of  the  Half  Block,  but  in*  some  respects  are  very 
diflerent.  It  must  be  remembered  that  the  lower-case  let- 
ters should  always  be  made  so  that  the  long  strokes  are  the 
height  of  the  capitals,  and  the  others  three-fifths  this  height, 
when  they  are  used  together.  The  letter  a  finishes  on  the 
bottom  line  by  its  vertical  stroke  coming  to  a  point,  as  is 
also  the  case  with  the  letters  d  and  u. 

In  proportioning  the  lower-case  letters,  they  should  bear 
the  same  relations  with  reference  to  their  height  as  do  the 
capitals,  that  is  to  say,  their  width  should  be  four-fifths  their 
height,  as  shown  on  this  plate.  In  measuring  the  height  of 
a  letter,  measure  only  the  body,  not  counting  the  part  that 
extends  above  the  line,  as  in  b  and  k.  or  extends  below  the 
line,  as  with  j  and  y.  The  strokes  of  the  letters  should  also  be 
in  proportionate  width  to  the  stroke  of  the  capitals,  and  those 
strokes  that  extend  above  and  below  the  line  should  all  extend 
to  the  same  height,  which  was  not  the  case  with  the  Half  Block. 
The  cross-bars  of  the  f  and  t  are  longer  in  this  than  in  the  pre- 
vious plate,  and  are  on  a  line  with  the  body  of  the  letter.  The 
top  of  the  f  is  about  two-thirds  the  regular  width  of  the  letter. 
The  upper  portion  of  the  g  is  identical  with  the  letter  o.  The 
letters  c  and  e  finish  their  lower  extremities  with  a  point,  and 
the  right-hand  portion  of  the  r  extends  two-thirds  the  width 
of  the  letter,  and  is  the  width  of  a  stroke  above  the  top  line. 
The  s,  v,  and  w  are  precisely  the  same  as  the  capitals,  the 
only  difference  being  the  size.  Space  these  letters  by  the 
eye,  drawing  every  outline  lightly  in  pencil,  in  order  to  get 
them  in  their  required  positions  on  the  plate. 

40.  Having  accomplished  this,  start  with  the  letter  A  and 
draw,  exclusively  in  pencil,  each  individual  letter,  making  the 
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lines  freehand,  and  complete  each  letter  before  the  following 
one  is  started,  although  in  spacing  the  top  line  it  may  be 
convenient  to  draw  the  L  first,  in  order  that  the  letters  may 
be  spaced  evenly  between  them. 

When  the  letters  are  completed,  drawn  in  pencil,  ink  them 
in,  using  the  T  square  and  triangle  for  the  vertical  and  horizon- 
tal lines,  but  turning  all  curves,  except  the  capitals  C,  D,  G,  O, 
and  Q,  freehand.  The  letters  may  then  be  blacked  in,  solid, 
as  shown;  the  title  drawn  on  the  top  of  the  plate;  the  date 
on  the  lower  left-hand  corner;  and  the  name  and  class  letters 
and  number  on  the  lower  right-band  corner. 


PLATE,  TITLE:    ANTIQUE  EGYPTIAN   (HEAVTf) 

41.  It  would  at  first  appear  scarcely  possible  that  the 
lettering  on  this  plate  is  but  a  modified  form  of  the  style 
drawn  in  the  two  previous  plates.  This  is  the  heavy  extreme 
of  the  Antique  Egyptian  style,  as  the  former  plate  was  the 
light  extreme,  and  it  is  fitted  to  fill  certain  needs  in  letter 
design  that  no  other  style  can  accomplish  quite  so  effectively. 
The  llea%-y  Antique  Eprj-ptlan,  however,  is  rarely  used  as  a 
solid  black  letter,  as  shown  on  this  ptate,  and  it  is  here  so 
printed  in  order  to  preserve  uniformity  in  the  lettering 
plates.  In  designs  for  lithographic  work,  show  bills,  book- 
covers,  etc.,  it  is  largely  used  in  a  simple  outline;  and 
though  extremely  bulky  on  account  of  the  weight  of  the 
stroke,  it  is  considered  most  graceful  and  symmetrical  when 
properly  handled. 

The  three  lines  of  letters  and  one  line  of  figures  in  this  plate 
are  drawn  between  horizontal  guide  lines  placed  H  inches 
apart,  as  in  the  previous  plates,  with  J  inch  between  them. 
The  title  is  S  inch  high,  and  i  inch  above  the  upper  line  of 
letters.  On  this  plate,  the  width  of  the  letter  is  IS  inches,  and 
the  stroke  is  about  one-third  of  the  width,  or  tV  inch.  As  in 
previous  plates,  many  of  the  letters  exceed  this  width  and 
others  are  narrower,  as  will  be  pointed  out. 

42.  The  A,  B,  C.  E.  G.  and  K  are  10  per  cent,  wider,  and 
the  M  about  20  per  cent,  wider;  the  W  is  over  50  per  cent. 


do,  si! 


§5  THE   FORMATION  OF   LETTERS  37 

wider,  and  the  letter  Z  and  the  character  &  are  about  25  per 
cent,  wider.  The  numerals  2,  5,  6,  8,  and  9  are  each  about 
10  per  cent,  wider  than  the  average  width  of  the  letters.  It 
13  not  intended  that  all  these  dimensions  and  irregularities 
will  be  carried  in  the  mind,  but  by  paying  attention  to  these 
proportions  as  the  letter  is  drawn,  and  thereby  accustoming 
the  mind  to  nothing  but  letters  of  perfect  proportions,  one 
will  soon  be  able  to  draw  a  letter  that  bears  its  proper  relation 
of  width  to  height  and  weight  in  stroke,  without  making  any 
mechanical  measurements  to  determine  the  stroke,  and  thus 
learn  why  each  letter  is  given  certain  characteristic  forms. 
The  rapidity  and  ease  with  which  this  result  is  accomplished 
will  depend  entirely  on  the  amount  of  practice  given  to  the 
work,  with  strict  attention  to  the  rules  set  forth. 

43.  The  spurs  of  these  letters  are  about  i  inch  lone, 
althougfa  in  exceptional  cases,  such  as  the  E  or  L,  the  spur 
is  made  much  longer  in  order  to  balance  the  stroke.  All 
vertical  strokes  are  finished  on  their  upper  and  lower  extrem- 
ities by  a  concave  line.  This  line  is  the  arc  of  a  circle,  the 
radius  of  which  is  li  inches  above  and  below  each  vertical 
stroke.  Letters  having  three  parallel  horizontal  strokes 
must  have  these  strokes  somewhat  reduced  in  width,  in  order 
to  leave  a  space  within  the  letter,  as  in  the  B  and  E.  In  the 
letter  S  and  the  character  &,  this  is  accomplished  by  carrying 
the  stroke  above  the  line  and  thereby  drawing  the  letter  open. 
In  the  letter  C,  the  lower  portion  of  the  stroke  extends  i  stroke 
beyond  the  upper  portion  of  the  inside  point,  and  on  the 
E,  F,  J,  and  Z,  a  slight  spur  is  added  to  the  outer  extremity, 
which  carries  the  letter  above  the  line.  The  lower  portion 
of  the  horizontal  stroke  of  the  E  is  not  a  straight  line  but  a 
compound  curve,  the  center  of  which,  on  the  upper  side,  is 
on  a  line  with  the  middle  bar  of  the  letter;  the  length  of  this 
middle  bar  is  equal  to  the  width  of  the  stroke,  or  one-third  the 
width  of  the  letter.  The  middle  stroke  of  the  H  is  li  strokes 
above  the  bottom  line.  The  J  is  brought  to  a  point  at  the  left 
of  its  lower  curve;  the  top  of  the  curve  rises  to  within  1  stroke 
of  the  top  line  of  the  letter.     The  upper  slanting  stroke  of 
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the  K  and  the  right  strokes  of  V  and  W  are  rested  about 
i  stroke  above  top  line  of  letter.  The  right  spur  of  this  pro- 
jecting stroke  rests  either  on  the  top  line,  as  in  K,  or  +  stroke 
above  it,  as  in  V  and  W.  The  points  from  which  the  slanting 
strokes  of  the  K  are  drawn  are  t  stroke  from  the  bottom  line 
on  the  right  side  of  the  vertical  stroke  and  the  same  distance 
from  this  point  on  the  right  side  of  the  upper  slanting  stroke. 
The  horizontal  stroke  of  the  L  is  a  compound  curve  similar 
to  that  of  the  E,  except  that  it  is  about  i  stroke  shorter. 
The  cyma  added  to  this  letter  is  about  two-thirds  the  width 
of  a  stroke. 

44.  The  letter  M  is  brought  to  a  point  on  the  lower  line. 
The  letters  O  and  Q  are  not  perfect  circles,  as  in  the  Light 
Egyptian,  but  are  8  stroke  wider  than  their  height.  The 
horizontal  stroke  of  G,  the  tail  of  the  Q.  and  the  character  & 
are  curved  somewhat  in  the  shape  of  a  horn.  The  point  in 
each  case  rests  within  the  letter.  The  outside  end  is  term- 
inated with  a  concave  form,  similar  to  the  vertical  strokes  in 
the  letters.  The  tail  of  the  R  is  carried  below  the  line  in  the 
same  manner  as  the  top  of  the  K  is  carried  above  the  line, 
The  slant  of  the  stroke  of  the  R  starts  at  a  point  ?  stroke 
from  the  vertical  line,  and  is  carried  so  that  the  outside  of 
the  stroke  is  directly  below  the  curve  of  the  letter. 

The  letter  S  is  drawn  by  means  of  4  vertical  lines  1  stroke 
apart.  The  third  line  will  mark  width  of  letter  to  upper  spur, 
and  fourth  line  will  mark  width  of  letter  at  extreme  right- 
hand  curve.  The  first  line  will  mark  curve  of  letter  on  left- 
hand  side.  The  letter  X  is  equal  in  width  to  the  letter  Y, 
and  the  point  of  intersection  of  its  slanting  strokes  is  f  stroke 
above  the  bottom  line,  aod  that  of  the  Y  the  same  distance 
from  the  top  line.  The  lower  stroke  of  the  Z  is  similar  to 
the  letter  E,  except  that  it  is  cut  off  on  the  lower  left  side  of 
the  letter  to  form  a  beveled  end.  The  character  &  is  drawn 
with  4  vertical  lines  similar  to  those  of  letter  S;  the  first  line 
in  this  case  determining  the  curved  portion  of  the  left-hand 
side  of  the  letter;  the  fourth  line  determining  intersection  of 
under  side  of  lower  curve  of  the  character  and  horizontal. 
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horn    stroke;    the  second   stroke  will  determine  the   point 
where  top  of  character  begins  to  extend  above  top  line. 

45.  In  drawing  the  numerals,  little  need  be  said  in 
explanation.  Attention  is  called  only  to  a  few  points,  such 
as  that  the  2  is  straight  on  the  bottom  line  and  curved  on 
the  upper  portion,  similar  to  the  reverse  of  the  upper  ter- 
minal of  the  C;  the  horizontal  stroke  is  a  compound  curve 
on  top.  The  3  extends  a  stroke  above  line,  the  point  of  the 
strokes  being  in  center  of  inside  space  of  letter. 

The  middle  bar  of  4  is  f  stroke  from  the  bottom  line,  and 
extends  the  width  of  the  stroke  of  the  letter  to  the  right. 
and  is  carried  to  the  left  only  far  enough  to  give  a  small 
opening  inside  the  figure.  The  figure  6  is  carried  i  stroke 
below  the  line.  The  point  of  the  vertical  stroke  is  i  stroke 
above   the   bottom,  line.     The   6   extends    i    stroke   above 

I  the  line  and  is  ♦  stroke  from  the  top  line  to  upper  side  of 

'  curve. 

The  7  extends  i  stroke  below  line,  and  the  right  point 
is  vertical  below  center  of  horizontal  stroke.  The  figure  8 
is  composed  of  two  ellipses,  the  lower  one  being  i  stroke 
wider  than  the  upper  one.  The  9  is  just  the  reverse 
of  6. 

46.  In  drawing  the  figures,  il  will  be  necessary  in  some 
places  to  diminish  the  the  width  of  a  stroke  in  order  to  leave 
sufScient  space  within.  Draw  all  these  letters  with  pencil. 
freehand,  in  precisely  the  same  manner  as  the  previous 
plates;  then  ink  them  in,  freehand,  without  the  use  of  the 
T  square  and  triangle,  other  than  to  draw  the  pencil  guide 
lines.  The  letters  must  then  be  filled  in  as  in  copy,  the  title 
drawn  and  blacked  in,  as  shown,  and  the  dale,  name  and 
class  letters  and  number  put  in  their  proper  places,  as  hereto- 
fore.    The   student  is   not   expected   to   produce   absolute 

I  duplication  of  the  letters  on  these  sheets,  By  this  time,  he 
1  should  have  become  familiar  enough  with  the  forms  and 
I  proportions  of  the  strokes,  widths,  and  heights  of  all 
1  letters  to  vary  them  slightly  from  the  dimensions  given 
I  on  this  plate,  without  seriously  impairing  their  proportions; 
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therefore,  in  drawing  this  exercise,  the  proportions  of  the 
strokes  may  be  varied  slightly  in  some  places,  if  in  the 
student's  judgment  this  will  improve  the  appearance  of  the 
letter. 


PLATE,  TITLE!   FRENCH  ROUAN 

47.  French  Roman  letters  possess  the  same  general 
proportion  as  the  Full  Block,  that  is,  they  have  a  width  equal 
to  their  height.  This  width  varies  in  some  letters,  however, 
precisely  as  it  did  in  the  Full  Block  style,  and  the  details  of 
such  variation  will  be  given  as  the  letter  in  question  is  dis- 
cussed. The  characteristic  difference  between  the  Roman, 
Egyptian,  and  Half  Block  letters  lies  in  the  use  of  two 
separate  but  uniform  widths  of  lines  to  form  the  letter, 
These  are  distinguished  under  the  names  of  slroke,  for  the 
heavy  portion,  and  fine  line  for  the  slender  portions  of  the 
letter.  On  this  plate,  the  four  lines  of  letters  and  numerals 
are  each  1.  inches  high,  and  J  inch  apart,  and  the  stroke  is 
■ft  inch,  or  one-fourth  the  height,  and  the  fine  line  is  one- 
fifth  the  stroke.  The  title  is  -h  inch  high  and  A  inch  above 
the  line  of  letters.  To  draw  this  plate,  divide  the  drawing 
paper  above  the  lower  border  line,  as  in  the  previous  example, 
and  then  lay  out  the  letters  lightly,  in  pencil  (freehand),  so 
as  to  space  them  equally  along  the  lines. 

48.  The  letter  A  is  commenced  2i  strokes  from  the 
border  line,  and  is  4i  strokes  wide  at  the  base.  The  apex  of 
the  A  is  the  center  of  the  letter  (as  is  always  the  case  in 

P  upright  letters),  and  the  top  horizontal  bar  is  J  stroke  above 
'  bottom  line.  The  spurs  on  the  bottom  make  the  foot  of 
stroke  2  strokes  wide,  and  the  foot  of  the  fine  line  1  stroke  wide. 
The  vertical  stroke  of  B  is  about  ll  strokes  to  the  right  of 
the  A,  and  the  intermediate  bar  is  2i  strokes  from  the  bottom, 
as  are  also  the  intermediate  bars  of  E,  F,  and  H.  The  width 
of  the  top  of  B  is  exactly  4  strokes,  but  the  lower  curved 
portion  projects  'i  stroke  more  on  the  right  side,  and  the 
spurs,  top  and  bottom,  extend  an  equal  amount  to  the  left. 
A  vertical  line  drawn  li  strokes  to  the  right  of  the  upper 
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curve  of  the  B  will  be  tangent  to  the  left  curve  of  C,  and 
4i  strokes  to  the  right  of  this  lire  another  vertical  line  will 
limit  the  fine  lines  of  C.  The  lengths  of  each  of  the  spurs, 
ou  the  ends  of  the  fine  line  of  the  C,  is  1  stroke,  the  top  one 
of  which  touches  the  top  lettering  line,  while  the  bottom 
spur  is  4  stroke  above  the  lower  lettering  line.  One  and 
one-half  strokes  to  the  right  of  C  is  the  vertical  stroke  of 
letter  D,  which  is  4  strokes  wide.  The  curve  of  D  com- 
mences i  stroke  to  the  right  of  the  vertical  stroke  and  the 
6ne  line  gradually  expands  in  an  elliptic  curve  until  it  is  a 
full  stroke  wide  at  the  center.  The  spurs  on  D  are  the  same 
as  those  on  B.  The  letters  E  and  F  are  each  4  strokes  wide, 
the  vertical  stroke  of  the  E  being  1  stroke  to  the  right  of  D, 
and  the  vertical  stroke  of  the  F  li  strokes  to  right  of  E. 
The  spurs  on  these  letters  are  each  1  stroke  long,  and  incline 
from  the  letter  at  such  an  angle  as  would  make  either  of  them 
intersect  the  opposite  lettering  line  about  I  stroke  away  from 
the  letter;  that  is,  if  the  line  of  the  lower  spur  of  E  were 
carried  to  the  top  of  the  letter,  it  would  intersect  the  top  let- 
tering line  1  stroke  to  the  right  of  the  letter.  The  intermediate 
bars  of  E  and  F  are  la  strokes  long.  With  the  exception  of 
the  vertical  stroke,  G  is  precisely  like  C;  this  extends  i  stroke 
to  the  right  of  the  fine  line.  The  lower  fine  line  joins  the  verti- 
cal stroke,  on  the  outside,  i  stroke  above  the  bottom,  and  the 
top  of  the  vertical  stroke  is  2a  strokes  above  the  bottom  line. 
There  is  a  space  of  la  strokes  between  G  and  H.  and  a  space  1 
of  2  strokes  between  H  and  I.     H  is  4  strokes  wide,  ' 

The  letter  J  is  4  strokes  wide,  and  its  left  extremity  touches 
the  left  border  line;  the  intersection  of  the  curve  and  vertical 
stroke  on  the  right  is  1  stroke  above  the  bottom  line.  The  let- 
ter K  is  4i  strokes  wide,  and  the  fine  line  intersects  the  vertical 
stroke  listrokesabove  the  bottom.  The  slanting  stroke  inter- 
sects the  tine  line  li  strokes  from  the  vertical  stroke  on  the  fine 
line.  Excepting  that  the  spur  is  It  strokes  in  length,  L  is 
similar  to  E. 


49.     The  letter  M  is  6  strokes  wide.     The  intersection  ol 
the  slanting  stroke  and  fine  line  is  on  the  bottom  letterins 
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line,  exactly  midway  between  the  vertical  stroke  and  vertical 
fine  line.  The  lower  side  of  tiie  slanting  stroke,  where  it 
intersects  the  vertical  fine  line,  and  the  lower  side  of  the 
stantine  fine  line,  where  it  intersects  the  vertical  stroke,  is 
J  stroke  below  the  top  lettering  line.  The  letter  N  ia  J  stroke 
narrower  than  the  average  4-stroke  letter,  and  the  under  side 
of  the  slanting  stroke  intersects  the  left  vertical  fine  line 
}  stroke  below  the  top  line,  and  the  right  vertical  stroke  at 
its  intersection  with  bottom  lettering  line.  In  outline,  the  O 
and  Q  are  complete  circles,  The  middle  line  of  the  P  is 
li  strokes  above  the  lower  lettering  line,  while  the  middle 
line  of  R  is  2  strokes  above,  and  the  slanting  stroke  intersects 
the  fine  line  1  stroke  to  the  right  of  the  vertical  stroke  of  the 
letter.  The  S  is  3*  strokes  wide  at  the  top  and  4  strokes 
wide  at  the  bottom;  on  the  vertical  center  line  of  the  letter 
the  double-curved  stroke  is  li  strokes  below  the  top  line,  and 
the  spur  on  the  end  of  the  lower  fine  line  is  Ij  strokes  in  its 
vertical  length.  The  U  is  4  strokes  wide,  as  is  also  the  Z, 
and  the  V  is  similar  to  an  inverted  A.  The  W  is  6i  strokes 
in  width  at  the  top,  and  its  two  lower  points  intersect  the 
lower  lettering  line,  3  strokes  apart.  The  point  where  the 
middle  stroke  and  fine  line  meet  on  the  top  line  is  an  equal 
distance  from  the  inside  of  the  left  stroke  and  the  inside  of 
the  right  fine  line;  a  vertical  from  this  point  drawn  to  the 
bottom  letter  line  will  give  the  position  of  the  points  reached 
by  the  strokes  and  fine  lines  on  the  bottom  line.  The  right 
point  is  1  stroke  from  the  vertical  line  and  the  left  point  is 
3  strokes.  The  X  is  3*  strokes  on  top  and  4|  strokes  wide 
at  the  bottom.  The  Y  is  4i  strokes  wide  on  top,  and  the  verti- 
cal stroke  is  exactly  in  the  center  of  the  letter  and  H  strokes 
high  on  the  left  side.  Thecharacter&isSlstrokeswideontop. 
The  curved  portion  of  the  character  extends  i  stroke  to  the  left 
ol  the  top  fine  line,  while  the  center  of  the  slanting  stroke. 
where  it  rests  on  the  bottom  line,  is  directly  beneath  the  right 
end  of  the  top  fine  line.  One  slanting  fine  line  intersects  the 
slanting  stroke  1  stroke  below  the  top,  and  the  other  intersects 
the  slanting  stroke  S  stroke  from  the  bottom  line,  and  then 
terminates  in  a  horizontal  spur  li  strokes  from  the  top  line. 
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50.  In  outlining  the  numeral  2,  the  space  within  the  top  of  " 
the  figure  must  be  as  large  and  full  as  possible,  without  cur- 
tailing the  space  below.  The  horizontal  stroke  is  4b  strokes 
long  and  is  finished  with  a  concave  end  and  spur,  as  are  also 
the  5  and  7.  In  each  of  these  numerals,  the  point  of  spur 
is  i  stroke  from  the  end  of  the  horizontal  stroke  to  which  it 
is  attached.  The  numeral  3  is  3i  strokes  wide  on  top  and 
45  strokes  wide  on  the  bottom;  the  intermediate  fine  line  is 
2b  strokes  from  bottom,  and  extends  into  the  figure  about 
two-thirds  of  the  inside  space.  The  horizontal  fine  line  of 
numeral  4  is  li  strokes  above  the  bottom  of  the  figure,  and 
extends  2i  strokes  to  the  left  of  the  stroke  and  i  stroke  to 
the  right.  The  horizontal  stroke  of  5  is  3i  strokes  long,  and 
the  top  of  the  intermediate  fine  line  is  li  strokes  from  the 
upper  lettering  line.  The  figure  is  4  strokes  wide  on  the 
bottom,  and  finishes  i  stroke  to  the  left  of  the  vertical 
fine  line. 

The  6  is  42  strokes  wide,  and  the  intermediate  fine  line  is 
li  strokes  from  the  top.  The  upper  fine  line,  with  the  spur, 
finishes  ■}'  stroke  short  of  the  full  width  of  the  figure.  The 
7  is  4  strokes  wide  on  top  and  1b  strokes  on  the  bottom,  and 
its  foot  rests  la  strokes  to  the  left  of  the  end  of  the  horizon- 
tal stroke.  The  8  is  4i  strokes  wide  on  the  bottom,  and  is 
identical  with  the  right  half  of  the  duplicate  on  two  sides  of 
a  center  line.     The  9  is  an  inverted  6. 

Draw  these  letters  in  pencil,  carefully  proportioning  each 
letter  of  both  the  plate  and  the  title,  measuring  each  stroke. 
The  inking  in  mu.st  be  done  freehand  with  a  red-sable  brush, 
and  the  letters  carefully  blacked,  as  before.  Insert  the  date 
in  the  lower  left-hand  comer  of  the  plate,  and  in  the  lower 
right-hand  corner  put  the  name  and  class  letters  and  number.  J 
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PLATE,  TITIE:   FRENCH  ROMAN   (lilGITT) 

51.  The  Ijight  French  Roman  letter  fills  the  same 
position  in  point  of  variation  to  the  normal  alphabet  as  does 
the  light  Antique  Egyptian  to  the  normal  alphabet  of  that 
letter.  It  is  also  an  extremely  modified  form  of  the  normal 
letter,  applicable  to  certain  specific  purposes,  where  the 
mother  style  would  be  less  desirable.  The  stroke  of  this 
style  of  letter  can  be  made  even  lighter  than  on  this  plate, 
although,  with  such  lightening,  the  fine  line  should  remain 
about  the  same,  unless  the  reduction  in  the  stroke  is  such 
that  it  makes  them  too  nearly  the  same  size.  The  curved 
strokes  of  the  letters  appear  more  slender  than  the  straight 
strokes  if  made  the  same  width  as  the  vertical,  on  which 
account  some  of  the  numerals,  as  well  as  the  letters,  are 
made  heavier  in  stroke,  and  will  be  pointed  out  when  the 
numerals  are  discussed.  In  making  use  of  this  alphabet,  the 
stroke  should  never  be  made  heavier,  in  proportion,  than  on 
this  plate,  as  an  increase  will  tend  to  bring  it  back  to  the 
original  style  of  plain  French  Roman,  wherein  the  stroke  is 
one-fonrth  the  height  of  the  letter. 

52.  The  cyma  enters  into  the  construction  of  some  of  the 
letters  of  this  plate  as  it  does  in  the  light  Antique  Egyptian, 
and  is  also  used  in  some  instances  to  fill  up  the  broad  open 
spaces.  It  does  not  form  a  component  part  of  any  of  the 
letters,  except  the  A  and  Q,  and  under  certain  circumstances 
may  be  omitted  entirely.  Letters  on  this  plate  are  the  same 
dimensions  in  height  and  spacing  as  on  the  previous  plate. 
The  title  is  S  inch  high,  and  t  inch  above  the  top  line  of  the 
letters.  The  stroke  is  A  inch;  the  fine  line  is  one-third  the 
stroke.  The  thickest  part  of  the  curved  strokes  is  equal  to 
the  width  of  a  stroke  plus  the  width  of  a  fine  line;  the  spur 
projects  one-half  the  stroke. 

53.  The  letter  A  is  7i  strokes  wide  and  is  started 
8f  strokes  from  the  border  line;  the  cyma,  forming  a  cross- 
bar of  the  A,  equally  divides,  and  is  itself  equally  div/ded  by. 
the  fine  line. 
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The  B  is  2  strokes  to  the  right  of  the  A,  and  6i  strokes 
wide  at  the  top  and  7  strokes  wide  at  the  bottom.  The  inter- 
mediate fine  hne  is  4  strokes  above  the  bottom  line,  and  the 
lower  space  within  the  letter  is  i  stroke  wider  than  the  upper 
space. 

The  C  is  U  strokes  to  the  right  of  the  B  and  is  7  strokes 
wide  to  the  spur  on  the  top  line,  but  the  lower  fine  line  extends 
the  width  of  1  stroke,  and  finishes  2  strokes  above  the  bottom 
line.  The  vertical  stroke  of  the  D  is  li  strokes  to  the  right 
of  the  C,  the  letter  being  7  strokes  wide,  and  the  fine  line 
commences  to  curve  at  a  point  twice  the  width  of  the  stroke 
to  the  right  of  the  vertical  stroke.  The  middle  horizontal 
fine  lines  of  the  E,  F,  G,  and  H  are  2  strokes  below  the  top 
line,  and  in  E  and  F,  4  strokes  long.  The  spurs  on  C,G, 
and  S  are  rounded  from  the  fine  line,  giving  it  an  extra  thick- 
ness at  this  point.  The  horizontal  middle  bar  of  the  G  is 
4  strokes  in  length.  The  space  between  the  D  and  the  E  and 
the  E  and  the  F  is  2  strokes;  between  the  F  and  the  G  only 
i  stroke;  and  between  the  G  and  the  H  and  the  H  and  the  I 
is  2}  strokes.  The  letters  E  and  F  are  6  strokes  and  the 
D,  G.  and  H  are  7  strokes  in  width.  The  curve  of  the  J  inter- 
sects the  vertical  stroke  1  stroke  above  the  bottom  line.  The 
fine  line  of  the  letter  K  intersects  the  vertical  stroke  2  strokes 
above  the  bottom  line,  and  extends  I  stroke  above  the  top 
line;  the  slanting  stroke  intersects  the  fine  line  3S  strokes 
from  its  lower  end.  The  middle  slanting  strokes  of  the  M 
are  brought  to  a  point  3  strokes  above  the  bottom  line;  the 
top  of  the  letter  is  3  strokes  narrower  than  the  bottom,  the 
full  width  on  the  bottom  being  S  strokes.  The  slanting  stroke 
of  the  N  joins  the  vertical  fine  line  on  the  right  li  strokes 
above  the  bottom.  The  O  and  Q  are  8  strokes  wide;  the  P 
and  R  are  7  strokes  wide;  and  their  middle  fine  lines  are 
2i  strokes  from  the  top  line.  The  cyma  of  the  Q  rests  on 
the  bottom  line  on  the  right  side  of  the  letter,  and  on  the 
left  is  2  strokes  above  within  the  letter. 

54>  The  intersection  of  the  slanting  stroke  of  the  R  with 
the  middle  fine  line  is  2  strokes  to  the  right  of  the  vertical 
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stroke,  and  its  lower  end  is  cut  off  at  an  angle  of  45°,  the 
right  spur  resting  on  the  bottom  line.  On  a  vertical  center 
line  drawn  through  the  S,  the  middle  stroke  is  3a  strokes  from 
the  bottom  line;  the  fine  line  on  top  is  cut  off  1  stroke  shorter 
than  the  projection  of  the  curve  beneath  it,  while  the  fine  line 
at  the  bottom  projects  1  stroke  beyond  the  curve  above  it. 
The  full  width  of  the  S  at  the  bottom  is  7§  strokes.  The  T 
is  7  strokes  at  the  top,  and  the  U  is  6i.  The  fine  line  of  the 
letter  V  extends  above  the  lettering  line  in  the  same  manner 
as  the  fine  line  of  the  K.  The  intersection  of  the  interior 
lines  of  the  W  is  equally  divided  between  the  stroke  and  fine 
line,  and  is  H  strokes  below  the  top  line.  The  space  between 
the  points  of  the  letter  on  the  bottom  is  5  strokes,  and  the 
cyma  is  drawn  about  two-thirds  of  the  space  within  the  letter. 
In  the  letter  X,  the  fine  line  intersects  the  stroke  2j  strokes 
below  the  top  line,  and  the  letter  is  8  strokes  wide  at  the 
bottom.  The  fine  line  of  the  Y  intersects  the  vertical  stroke 
3j  strcTkes  above  the  bottom,  and  the  letter  is  7*  strokes  wide 
on  top.  The  character  &  is  7  strokes  wide  at  the  bottom,  and 
the  lower  end  extends  1  stroke  to  the  right  of  the  upper  portion. 
The  middle  bar  is  4  strokes  from  the  bottom  line.  The  cyma 
is  so  placed  as  to  extend  li  strokes  outside,  and  2i  strokes 
inside,  the  letter,  and  its  lower  end  is  H  strokes  above  the  line. 

55.  The  numeral  1  is  beveled  on  its  upper  end  at  an 
angle  of  60°,  the  line  of  the  bevel  being  equally  divided  by 
the  top  line  of  the  letters.  The  upper  parts  of  the  numerals 
2  and  3  are  sickle-shaped,  and  the  horizontal  stroke  of  the  2 
is  straight  on  the  bottom  and  curved  on  the  top.  The  lower 
fine  line  of  the  3  is  finished  similar  to  the  upper  fine  line  of  G. 
The  middle  bar  of  the  figure  4  is  2'  strokes  above  the  lower 
line,  and  extends  5l  strokes  to  the  left  and  2  strokes  to  the 
right  of  the  vertical  stroke.  The  middle  bar  of  5  is  4  strokes 
above  the  bottom  line;  the  upper  horizontal  stroke  is  6  strokes 
long,  and  finished  in  the  same  manner  as  the  bottom  stroke 
of  the  2.  The  middle  bar  of  the  6  is  5  strokes  above  the 
bottom  line,  and  the  upper  part  of  the  figure  diminishes  to 
a  point  1  stroke  above  the  top  line,  the  point  being  on  a 
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Tertical  line  from  the  inside  of  the  right-curved  stroke.  The 
slanting  stroke  of  the  7  extends  1  stroke  below  the  line,  and 

cut  ofit  parallel  with  the  lettering  lines;  the  horizontal  stroke 
of  the  7  is  similar  to  the  top  stroke  of  the  5.  The  figure  8 
strokes  wide  on  top  and  7i  strokes  below.  The  hori- 
zontal middle  stroke  is  2i  strokes  below  the  top  line.  The 
numeral  9  is  similar  to  the  6,  reversed,  the  middle  line  being 
2  strokes  above  the  bottom  line,  and  the  point  of  the  letter 
below  the  bottom  line  being  vertically  beneath  the  outside 
of  the  left-band  curved  portion. 

These  letters  and  numerals  should  be  drawn  in  freehand, 
according  to  the  directions  herewith  given,  and  the  letters 
blacked  in  ink.  Then  put  the  date  in  the  lower  left-hand 
comer,  and  in  the  lower  right-hand  comer  the  name  and 
class  letters  and  nimiber,  as  before. 


PLATE,  TITLE!  FRENCH  ROMAN  (hEAVT) 
56.  The  Heavy  French  Roman  is  the  other  extreme  of 
the  letter,  as  contrasted  with  the  light  style  of  the  French 
Roman  alphabet.  The  stroke  in  this  style  is  increased  to 
about  twice  what  it  is  in  the  normal  French  Roman  style, 
thus  making  the  strongest  contrast  possible  in  the  details  of 
the  letters.  In  general  use,  however,  this  heavy  style  of 
letter  (as  explained  in  connection  with  the  heavy  Antique 
Egyptian  alphabet)  is  not  usually  blacked  in  solid  as  here 
shown,  but  it  is  drawn  in  outline  only,  the  outline  being  about 
the  same  weight  as  the  fine  line.  In  designing  any  particular 
variation  of  a  form  or  style  of  letter,  such  as  heavy  French 
Roman,  it  is  important  to  observe  that  in  each  variation  the 
characteristics  of  the  letters  should  be  maintained  uniformly 
tbroaghout  the  alphabet.  For  instance,  the  lower  fine  line 
of  the  E  is  in  this  case  not  terminated  with  the  regular  spur, 
as  before,  and  to  be  consistent,  the  lower  fine  lines  of  the 
L  and  Z  are  similarly  terminated,  as  these  letters  in  any  plain 
alphabet  are  alike  in  the  lower  fine  line  and  finish.  The  same 
idea  may  be  observed  in  the  carrying  of  the  fine  line  of  the 
K,  V,  W,  and  Y  above  the  line. 
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57.  The  height  of  the  letters  in  this  plate,  their  size  and 
positioti,  the  space  between  the  lines,  and  also  the  title,  are 
precisely  the  same  as  on  the  previous  plate.  The  width 
of  the  stroke  is  a  inch.  The  average  width  of  a  letter  is 
3  strokes,  fctit  the  alphabet  abounds  in  exceptions,  so  that 
it  is  not  surprising  to  find  that  the  number  of  letters  of 
standard  width  are  in  the  minority.  The  spur  is  about 
i  stroke,  and  is  joined  to  the  fine  line  with  a  curve,  except 
as  pointed  out  in  connection  with  the  E,  L,  and  Z,  and  also 
in  the  other  fine  lines  of  the  letters  E,P,  T,  and  Z.  The 
letter  A  is  3}  strokes  in  width.  The  middle  har  is  ^  inch 
from  the  bottom  line,  but  the  spurs  at  the  top  of  the  side 
end  stroke  are  precisely  the  same  as  those  at  the  bottom. 
The  ends  of  the  strokes  are  rendered  concave  by  the  arc  of 
a  circle  whose  radius  is  4  strokes.  The  middle  line  of  the  B 
is  li  strokes  above  the  bottom.  The  lower  portion  of  the 
letter  is  3i  strokes  wide  and  extends  i  stroke  to  the  right 
of  the  upper  portion.  The  bottom  fine  line  of  the  letter  C 
extends  1  stroke  beyond  the  spur  at  the  end  of  the  top  line, 
and  the  cyma  is  inserted,  as  shown,  to  fill  the  space  within 
the  letter.  Observe  that  the  curve  of  the  cyma  becomes 
tangent,  as  though  it  were  a  continuation  of  the  inner  curve 
of  the  letter.  The  outlines  of  the  B,  D,  E.  L,  P,  R,  and  Z 
are  formed,  not  of  a  straight  line  on  top  and  bottom,  as  in 
previous  styles,  but  in  the  form  of  a  compound  curve,  making, 
thereby,  a  wavy  fine  line,  terminating  in  the  E,  L,  and  Z 
with  a  heavy  curl.  The  horizontal  fine  line  in  the  middle  of 
the  E,  F,  and  H,  and  the  top  of  the  vertical  stroke  of  the  G, 
are  J  stroke  from  the  top  line.  The  intermediate  fine  line 
of  the  E  and  F  is  2  strokes  in  length,  and  extends  i  stroke 
beyond  the  end  of  the  fine  line.  The  fine  line  of  the  K 
meets  the  vertical  stroke  i  stroke  above  the  bottom  line. 
The  slanting  stroke  of  the  K  (measuring  on  the  fine  line)  inter- 
sects the  fine  line  1  stroke  from  the  vertical  stroke.  The 
left-hand  stroke  of  the  M  is  not  given  full  width  on  the  top 
line,  in  order  to  leave  as  much  space  as  possible  within  the 
letter,  and  at  the  same  time  to  avoid  too  great  a  projection 
beyond  the  left  fine  line.     The  intersection  of  the  middle 


stroke  and  fine  line  is  i  stroke  from  the  bottom,  aad  the 
letter  is  5i  strokes  in  width.  The  letter  N  is  i  stroke  nar- 
rower than  the  average  width  of  the  letters,  and  the  slanting 
stroke  intersects  the  fine  line  i  stroke  above  the  bottom. 
The  lower  line  in  the  slanting  stroke  intersects  the  left-hand 
vertical  line  1  stroke  below  the  top.  The  O  and  Q  are 
3i  strokes  wide.  The  tail  of  the  Q  is  entirely  outside  of 
the  letter  in  this  style,  and  is  somewhat  of  the  form  of  a 
cyma,  tangent  to  the  outside  of  the  letter  below  and  to  the 
right  of  the  center  line  of  the  opening,  The  lower  fine  line 
of  the  P  is  I  stroke  above  the  bottom  line.  Notice  that  the 
width  of  the  stroke  of  the  S  where  it  joins  the  fine  line 
diminishes  very  rapidly,  and  is  not  a  gradual  reduction,  as 
in  the  previous  slants.  The  upper  fine  line  is  t^  inch  within 
the  outline  of  the  letter,  and  the  lower  line  projects  A  inch. 
The  letter  U  possesses  two  very  small  spnrs  in  its  lower 
portion,  and  is  thickened  to  twice  the  width  of  the  fine  line 
at  the  point  where  the  vertical  and  curved  fine  hnes  come 
together.  The  V,  W,  Y,  and  also  the  K  carry  their  fine  lines 
above  the  line  about  i  stroke,  the  spurs  on  the  end  of  which 
are  at  right  angles  to  the  line  of  the  letter.  This  feature  is 
frequently  added  to  the  fine  line  of  the  letter  A,  carrying  it 
below  the  line  about  i  stroke  and  finishing  its  spurs  at  right 
angles.  The  width  of  the  W  is  5  strokes.  To  proportion 
the  W.  lay  out  its  full  width  of  5  strokes  on  the  top  line,  and 
from  the  right  end  of  the  letter  lay  off,  to  the  left,  2  strokes 
on  the  top  line,  which  will  locate  the  point  where  the  middle 
strokes  meet;  I  stroke  to  the  right  of  a  point  vertically 
opposite  this,  on  the  lower  line,  will  give  the  point  where 
the  right  stroke  and  fine  line  meet,  and  Ij  strokes  to  the  left 
will  give  the  other  corresponding  point.  The  stroke  and 
the  fine  line  of  the  X  intersect  at  a  point  I  stroke  from  the 
top  line,  the  letter  being  3  strokes  wide  on  top.  The  ver- 
tical stroke  of  the  Y  intersects  the  fine  line  I3  strokes  above 
the  bottom,  and  the  letter  is  3i  strokes  wide  on  the  top  line. 
The  lower  left-hand  angle  of  the  letter  Z  diminishes  to  a 
point  that  projects  from  the  letter  about  i  stroke.  The  , 
character  &  extends  i  stroke  to  the  left  of  a  vertical  line 
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drawn  tangent  to  its  upper  curve  on  the  left  side,  and  the  ] 
cyma  forming  the  lower  right  termination,  on  its  fine  line, 
is  equally  divided  above  and  below  the  point  where  it  is  J 
joined  to  this  line,  the  lower  curve  of  the  cyma  bcinf  I 
tangent  to  the  bottom  line,  and  the  upper  curve  reachingr  I 
li  strokes  above  it. 

58.  The  instructions  for  drawing  this  plate  are  much  less  ' 
detailed  than  the  other  plates,  as  by  this  time  the  student 
should  be  sufficiently  familiar  with  the  letter  forms  to  readily 
design  any  of  the  characterialics  without  detailed  explana- 
tion. Attention  is  particularly  called,  however,  to  the  careful 
spacing  of  the  letters,  particularly  those  of  the  top  line,  as 
by  getting  these  in  their  proper  places  it  is  a  simple  matter 
to  locate  others  beneath  them  in  their  proper  relative 
positions.  Having  drawn  the  letters  carefully  in  outline, 
they  should  be  inked  in  and  then  blacked,  as  usual,  with  a 
sable  brush,  after  which  the  date  should  be  placed  in  the 
lower  left-hand  comer,  and  the  name  and  class  letters  and 
number  in  the  right-hand  corner,  as  before. 


PLATE,  TITLE:   ROMAN    (NEW  YOHK)  j 

59.  There  are  no  styles  of  lettering  more  generally  used,  J 
with  more  convenient  application  for  various  purposes,  than  " 
the  Roman  letter.  Three  general  styles  of  the  Roman  letter 
will  be  given  here,  and  attention  is  called,  particularly,  to 
the  principal  characteristic  differences  in  the  styles  as  well  as 
to  the  general  formation  and  construction  of  the  letters.  In 
the  New  Tork  Roman,  the  main  characteristic  is  the  thin- 
ness of  the  fine  line,  and  the  symmetrical  proportions  of 
the  letters;  for,  though  the  upper  and  lower  halves  of  such 
letters  as  the  E,  H,  and  S  are  not  identically  the  same  in 
size  and  proportion,  they  are  arranged  to  appear  so  to  the 
eye.  and  th^  actual  difference  is  difficult  to  discern,  unless 
the  letter  is  turned  upside  down. 

60.  In  drawing  this  plate,  make  the  four  lines  of  letters 
li  inches  high,  as  before,  with  the  spaces  between  them  J  inch, 
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lltbe  main  line  of  the  title  S  inch  high,  and  S  inch  above  the 
I  top  hne  of  the  letter;  the  second  line  of  the  title  i  inch  high, 
land  I  inch  above  the  top  line  of  the  letters.  The  stroke  of 
lltiiis  letter  is  A  inch,  or  one-fourth  of  the  height;  the  spurs 
(.are  i  stroke  on  all  letters,  except  the  E,  F,  L,  T,  and  Z, 
jlwbere  they  are  larger,  as  will  be  (fescribed  later.  The  curve 
Tof  the  spur  from  the  fine  line  to  the  stroke  is.  in  most  cases, 
f»  quarter  circle,  the  radius  of  which  is  i  stroke,  and  the 

Enter  i  stroke  from  the  vertical  stroke  and  the  fine  line, 
both  of  which  the  quadrant  must  be  tangent. 
61.  The  letter  A  is  located  at  the  foot  of  its  fine  line 
strokes  from  the  left-hand  border;  the  middle  fine  line  is 
strokes  above  the  bottom  line,  and  the  spurs  on  the  end  of 
'"*  fine  tine  increase  its  length  to  2  strokes  at  the  base,  and 
[that  of  the  slanting  stroke  to  3  strokes.  The  lower  portion 
i  the  B  extends  i  stroke  to  the  right  of  the  upper  portion. 
le  letter  C  is  designed  so  that  its  interior  outline  forms  a 
rfect  ellipse  3  strokes  in  width  and  the  height  of  the  letter, 
^e  crescent-shaped  portion  of  the  stroke  to  the  left'of  the 
itter  .being  i  stroke  thicker  at  its  center  than  the  vertical 
ktrokes  in  the  same  alphabet.  The  spurs  on  the  E,  F,  L,  T. 
ind  Z,  extending  1  stroke  at  right  angles  to  the  fine  line,  are 
Rturned  to  the  fine  line  at  an  angle  of  45°,  and  are  ronnded 
nto  it  with  a  slight  curve.  The  middle  fine  lines  of  the 
S",  E,  F,  and  H  are  h  stroke  above  the  center  of  the  letter, 
fhe  top  of  vertical  stroke  of  the  G  is  i  stroke  above  the 
ienter  of  the  letter. 

The  letter  J  is  terminated  at  its  left  extremity  with  a  ball, 
jr  disk,  the  top  of  which  reaches  to  the  center  of  the  letter, 
lie  small  spur  at  the  right  extremity  marking  the  intersection 
il  the  vertical  stroke  with  the  expanding  curved  fine  line  at  a 
K}tnt  i  stroke  above  the  bottom  line.  The  fine  line  of  the  K 
atersects  the  vertical  stroke  at  a  point  li  strokes  above  the 
tottom  line,  and  the  slanting  stroke  intersects  the  fine  line 
t  strokes  from  the  latter  starting  point. 

62.  The  space  within  the  lower  part  of  the  M  is  equally 
ivided  on  the  lower  lettering  line  by  the  intersection  of  the 
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slanting  stroke  and  the  slanting  fine  line.  The  top  of  the 
vertical  stroke  is  reduced  one-fourth  its  width  where  the  fine 
line  bevels  its  corner.  The  main  point  to  be  observed  in 
this  letter  is  to  be  sure  that  the  intersection  of  the  vertical 
fine  line  and  slanting  stroke,  and  of  the  vertical  stroke  and 
slanting  fine  line,  are  the  same  distance  from  the  top  of  the 
letter.  The  N  is  b  stroke  narrower  than  the  other  letters. 
The  intersection  of  its  slanting  stroke  and  left  fine  line  are 
the  same  distance  from  the  top  line  as  in  the  letter  M.  The 
ellipses  that  form  the  interiors  of  the  letters  O  and  Q  are 
1  stroke  narrower  than  that  of  the  C,  owing  to  the  fact  that 
a  heavy  crescent-shaped  stroke  on  either  side  of  the  ellipse  so 
increases  the  letter  as  to  give  it  proper  proportions.  The 
exterior  outlines  of  the  O  and  Q  are  perfect  circles.  The 
lower  fine  line  of  the  letter  P  is  l?  strokes  from  the  bottom 
line.  The  tail  of  the  R  is  located  i  stroke  to  the  left  of  the 
right  outline  of  the  letter,  and  is  a  perfect  cyma  equally, 
divided  by  a  horizontal  line  one-fourth  the  height  of  the 
letter.  The  crescent  above  it  is  1  stroke  wide  at  a  point 
1  stroke  from  the  top  line.  The  middle  bar  is  located  exactly 
in  the  center  of  the  letter. 

63.  A  center  vertical  line  through  the  letter  S  will  divide 
the  stroke  IE  strokes  above  the  bottom, line.  The  finish 
of  the  left  spur  is  vertically  under  the  curve  of  the  stroke 
above,  but  the  finish  of  the  right  spur  is  i  stroke  within  the 
letter,  and  but  two-thirds  the  length  of  the  lower  spur  on  the 
side.  The  letter  U  is  drawn  with  the  lower  inside  curve  a 
semiellipse,  and  an  increase  in  the  thickness  of  the  spur 
marks  the  point  where  the  vertical  fine  line  becomes  tangent 
to  the  curve.  The  W  is  6o  strokes  wide,  its  lower  points 
being  3  strokes  apart,  1  stroke  to  the  right  and  2  strokes 
to  the  left  of  a  point  vertically  opposite  the  middle  point  on 
the  top  line,  which  divides  equally  the  space  between  the 
inside  of  the  left  slanting  stroke  and  the  right  fine  line.  The 
intersection  of  the  stroke  and  fine  line  of  the  X  is  practically 
in  the  center  of  the  letter,  so  as  to  make  the  enclosed  tri- 
angles of  equal  area  above  and  below.    The  fine  line  of  the 
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V  intersects  the  vertical  stroke  exactly  in  the  center  of  the 
letter.  The  character  &  possesses,  for  its  heaviest  stroke, 
a  compound  curve,  the  inclination  of  which  is  the  same  as 
the  slanting  stroke  of  the  letter  N.  The  width  of  this  char- 
acter on  top  is  3  strokes,  and  its  lower  portion  projects 
i  stroke  to  the  left  of  the  upper  portion.  The  intersection  of 
the  right  fine  line  and  heavy  stroke  is  la  strokes  above  the 
bottom  line,  and  the  top  of  the  ball  terminating  the  fine  line 
is  2i  strokes  above  the  bottom  line  and  li  strokes  to  the 
right  of  the  point  of  intersection, '  The  light  strokes  of  the'  j 
character  are  about  S  the  width  of  the  heavy  stroke. 


64.  The  lower  stroke  of  the  numeral  2  is  a  perfect 
cyma.  and  the  lop  is  precisely  the  same  as  that  of  the  3. 
The  stroke  tapers  off  again  to  a  fine  line  where  it  joins  the 
left  end  of  the  cyma.  The  balls  terminating  the  fine  lines 
of  the  Roman  figures  are  I  stroke  wider  than  the  straight 
strokes  of  the  figures,  while  the  curved  strokes  of  all  the 
figures  are  i  wider  than  the  straight  ones.  The  space 
between  the  two  balls  at  the  end  of  the  fine  line  of  the 
figure  3  is  about  one-half  their  diameter.  The  top  of  the 
figure  4  is  finished  in  the  same  manner  as  the  right  stroke 
of  the  letter  M,  The  horizontal  fine  line  of  the  4  extends 
'2S  strokes  to  the  left  and  1  stroke  to  the  right  of  the 
vertical  stroke,  and  is  if  strokes  above  the  bottom  line. 
The  horizontal  stroke  of  the  figures  5  and  7  is  different  from 
that  of  any  other  alphabet,  and  consists  of  a  double  com- 
pound curve,  the  concave  and  convex  portions  of  which  are 
opposite  each  other.  The  lower  portion  of  the  5  is  similar 
to  the  3,  and  the  vertical  fine  line  is  I  stroke  to  the  right  of 
the  left  outline  of  the  ball.  The  width  of  the  lower  stroke 
of  the  V,  on  the  bottom  line,  is  Is  strokes,  and  rests  on  the 
bottom  line  1  stroke  to  the  right  of  the  end  of  the  horizontal 
stroke.  The  top  line  of  the  lower  portion  of  figure  6  is 
2i  strokes  above  the  bottom  line.  The  ball  is  about 
i  stroke  within  (he  figure.  The  stroke  of  figure  8  is  pre- 
cisely the  same  as  that  of  the  letter  S,  the  fine  line  beine 
reduced  where  it  is  brought  around  and  intersects  the  stroke 
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near  the  center  of  the  figure.  The  maximum  thickness  of 
the  lighter  stroke  in  the  8  is  about  one-half  that  of  the  main 
stroke.  The  figure  9  is  a  reversed  6,  except  that  the  ball 
extends  to  the  outside  line  of  the  letter.  ^^M 

65.  The  New  York  Roman  letter  is  used  largely  b;  ^^H 
some  sign  painters  where  the  work  is  to  be  done  in  gold  or  ^^H 
in  black  letters  on  a  white  ground,  and  the  fine  line  is  so  ^^^| 

2^--^^^  thin  that  a  strong  contrast  is  ^^H 
Mj  ^^  required  to  bring  it  into  prom-  ^^H 
^^^  ^^F      inence.     Some  designers  vary  ' 

y^        the   forms  of  the   6gures  2,  3, 
^^^^^     a"<^  6  in  a  manner  that,  though 
^^^^^^      not  strictly  classical,  adds  highly 
^'"^  1  ^^°-  ^  to  the  effect.     Instead  of  ter- 

minating the  upper  fine  line  with  a  ball,  it  is  finished  in  a  ^^^ 
point,  as  shown  in  Fig.  i,  or  sometimes  equal  in  width  to  ^^H 
the  stroke,  as  shown  in  Fig.  2.  ^^H 

Draw  these  letters  as  on  the  previous  plates,  being  care-  ^^H 
ful   to   spac3   the   letters    in    the    top   line   uniformly,    and 
making  the   letters   in  the  three   lower   lines  of  the  plate 
.  proportion  ■'tely;  then  place  the  date,  name,  and  class  letters    ^^^ 
and  number  in  their  proper  places.  ^^^| 

TDATE,  TITT.Es   ROMAN   (BOSTON)  ^^ 

66.  The  Boston  Roman  letter  possesses  a  much 
heavier  fine  line  than  does  the  New  York  Roman,  the  spurs 
of  the  letters  being  cut  off  on  the  end  to  form  a  fillet  the 
thickness  of  a  fine  line.  These  spurs  are  one-fourth  circle, 
as  described  in  the  previous  plate,  the  radius  being  the  addi- 
tional width  of  the  fine  line  nearer  the  center  of  the  letter. 
In  the  earlier  form  of  the  Boston  Roman  (the  style  from 
which  our  present  style  sprung),  the  fine  line  was  much 
longer  on  the  spur,  and  triangular  corners,  instead  of  quarter 
circles,  marked  the  connection  of  the  spurs  to  the  vertical 
strokes.  The  early  form  is  now  obsolete;  only  occasionally 
on  a  very  old  sign  is  seen  an  inscription  making  use  of 
these  letters.     The  application  of  this  style  of  letter  fills  a 
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field  wherein  the  practice  of  the  New  York  Roman  would  he 
impossible,  such  as  the  cutting  of  letters  in  stone  or  marble, 
and  the  working  of  letters  in  leaded  gl^ss  or  sheet  metal, 
where  the  fine  line  of  the  New  York  style  of  letter  could 
not  be  executed.  The  letters  are  in  precisely  the  same 
proportion  as  those  on  the  previous  plate,  and  are  placed 
J  inch  apart^the  lettering  lines  being  1}  inches  high,  as 
before,  the  larger  letters  of  the  title  being  I  inch  and 
small  letters  i  inch  high,  and  f  inch  and  A  inch  above  the 
top  line  of  letters,  respectively.  The  width  of  stroke  in 
these  letters  is  t^  inch,  and  though  the  fine  line  is  here 
designed  as  i  stroke,  it  may  be  varied  somewhat,  according 
to  the  materia]  in  which  the  letters  are  to  be  worked.  As, 
for  instance,  the  marble,  metal,  or  glass  worker  may  use  a 
heavier  tine  line  on  some  special  work  than  the  normal  text, 
while  the  sign  painter  often  reduces  the  fine  line,  especially 
if  the  letters  are  to  be  gilded. 


67.  In  the  first  line  of  letters,  there  is  no  characteristic 
difference  between  this  and  the  alphabet  of  the  previous 
■  plate,  except  as  already  pointed  out  in  the  thickness  of  the 
fine  line  and  the  termination  of  the  ends  of  the  spurs.  The 
top  of  the  A  and  the  bottom  of  the  V  and  W,  the  middle 
strokes  of  the  M  and  the  slanting  stroke  of  the  N,  are  not 
terminated  in  a  point,  but  in  a  fillet  the  width  of  the  fine 
line,  for  the  same  reason  as  above  described. 

The  spurs  of  the  middle  fine  line  of  the  E  and  F  are  joined 
to  the  fine  line  in  a  curve,  as  is  also  the  spur  on  the  end  of 
the  horizontal  fine  line  of  the  figure  4.  The  other  horizontal 
fine  lines,  however,  do  not  Join  the  spurs  in  a  curve. 

The  letters  W  and  R  are  somewhat  different  from  those 
of  the  previous  alphabet,  as  the  middle  of  the  top  of  the  W 
is  finished  a  full  stroke  in  width,  with  spurs,  instead  of  being 
brought  to  a  point,  as  in  the  previous  plate. 

The  tail  of  the  R  is  carried  out  in  a  slanting  stroke  from  a 
point  the  width  of  1  stroke  from  the  vertical  stroke,  extend- 
ing the  width  of  2  strokes  from  the  vertical  stroke,  where  it 
intersects  the  bottom  line  with  a  spur  on  the  right  side. 
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68.  In  the  numerals,  there  is  little  change  from  the 
other  style  of  Roman  letter,  except  in  the  horizontal  strolies 
of  the  2,  5,  and  7. 

Draw  this  plate  under  the  same  rules  and  conditions 
observed  io  the  previous  plate,  as  all  the  proportions  and 
details  of  the  letters  are  identically  the  same,  except  where 
herein  pointed  out  as  different.  Draw  these  letters  as 
on  the  previous  plate,  inserting  date,  name,  and  class 
letters  and  number,  as  before,  being  careful  to  space  the 
letters  uniformly,  and  making  the  letters  in  the  three  lower 
lines  of  the  plate  proportionately. 


PLATE,  TITLE:  MEDIEVAL  ROMAN 
9.  The  Medieval  Bonian  letter,  termed  by  some 
authorities  Antigue  Roman,  belongs  to  the  historic  period 
that  its  name  indicates.  There  are  three  features  shown  in 
this  style  of  letter.  The  first  of  these  is  a  small  spur 
added  above  and  below  the  lettering  lines;  another  is  a  pro- 
jection of  the  inside  line  of  the  stroke  beyond  the  fine  line 
a  distance  of  about  i  stroke,  as  in  the  top  of  the  letter  A  and 
the  bottom  of  the  N;  and  the  third  is  the  rounding  of  every 
angle  of  the  letter  where  two  fine  lines  or  a  fine  line  and  a 
stroke  intersect.  The  width  of  the  stroke  of  these  letters 
inch,  or  one-fifth  the  height.  The  spur  is  1  stroke  long, 
and  isjoined  to  the  letter  1  stroke  above  the  bottom,  or  below 
the  top  line,  thus  making  the  curve  on  the  inside  an  exact 
quarter  circle.  All  letters  on  this  plate  are  5  strokes  in 
width,  with  the  exception  of  such  letters  as  have  been  here- 
tofore described  as  always  exceeding  or  falling  short  of 
these  limits. 

70.  In  the  letter  A.  the  fine  line  intersects  the  stroke  at 
the  point  of  the  letter,  and  though  the  stroke  on  its  inside 
IS  carried  past  the  fine  line,  the  intersection  lakes  place  pre- 
cisely as  though  this  peculiarity  did  not  exist.  The,hori- 
sootal  fine  line  of  the  A  is  11  strokes  above  the  bottom  of 
the    letter.     The   lower   curved   portion  of   the  B  extends 
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J  stroke  beyond  the  upper  curve,  and  the  middle  bar  is 
2}  strokes  above  the  bottom  line.  The  spurs  of  the  C,  G, 
and  S,  and  of  the  numerals  1,  2,  3,  5,  and  7,  are  finished 
with  a  fine  line  or  secondary  spur  above  or  below  the  letter- 
ing line.  In  these  three  letters,  this  little  spur  is  opposite 
the  point  of  the  main  spur;  it  should  not  exceed  i  stroke  in 
length,  and  is  not  vertical,  although  nearly  so.  The  middle 
fine  lines  of  E,  F,  and  H,  and  the  top  of  the  vertical  stroke 
of  the  G  are  2?  strokes  from  the  bottom  line. 

The  letters  E  and  F  are  i  stroke  narrower  than  the  regular 
width  of  the  letters.  The  L  is  one  stroke  narrower,  the  N 
i  stroke  narrower,  the  M  1  stroke  wider,  and  the  W  is 
3j  strokes  wider  than  letters  of  regular  width.  The  Y  ia 
i  stroke,  and  the  character  &  is  2  strokes  wider  than  the 
average  width  .of  the  letters.  The  vertical  stroke  of  the 
letter  G  has  a  spur  added  at  the  point  where  the  curved  line 
and  the  bottom  of  the  letter  intersects  with  it.  This  spur  is 
about  i  stroke  in  length.  The  letter  J  is  4i  strokes  in  width, 
and  extends  1  stroke  below  the  line,  the  ball  being  1  stroke  in 
diameter  and  crossing  i  stroke  over  the  line.  The  curved 
portion  is  tangent  to  the  ball  of  the  left-hand  portion,  and 
intersects  with  the  vertical  stroke  of  the  letter  on  the  right 
side  1  stroke  above  the  bottom  line. 

71.  The  K.  like  the  letter  A,  has  the  Inside  of  the  slant- 
ing stroke  projecting  across  its  fine  line;  the  intersection  of 
the  slanting  stroke  of  the  fine  line  is  2  strokes  from  the 
vertical  stroke,  and  the  fine  line  joins  the  vertical  stroke 
If  strokes  above  the  bottom.  The  spur  on  the  end  of  the 
fine  line  of  the  L,  as  on  all  other  horizontal  fine  lines  of 
this  alphabet,  extends  outwards  as  shown,  though  on  this 
letter  the  incline  is  somewhat  more  than  on  the  E,  F,  or  T. 

The  slanting  stroke  and  the  fine  line  of  the  M  intersect 
midway  between  the  fine  line  and  vertical  stroke  of  the  letter, 
both  intersections  of  the  fine  line  and  stroke  at  the  top  of  the 
letter  being  I  stroke  below  the  top  line.  The  projection  of 
the  upper  side  of  the  slanting  stroke  on  the  right  fine  line  of 
the  N  makes  this  letter  the  full  width  of  5  strokes. 
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The  letters  O  and  Q  are  circles  on  the  outside,  and  the 
ellipses  within,  instead  of  being  vertical,  are  inclined  to  the 
left,  so  that  the  longitudinal  axis  of  the  ellipse  is  about 
1  stroke  to  the  left  on  the  top  line. 

The  lower  fine  line  of  the  letter  P  is  2?  strokes  from  the 
bottom  line  of  the  letter.  The  fine  line  of  the  R  is  2j  strokes 
above.  The  tail  of  the  R  begins  1}  strokes  from  the  vertical 
stroke  of  the  letter  and  extends  to  twice  this  distance  on  the 
bottom  line. 

The  spurs  of  the  letter  S  are  unequal  in  length,  and  the 
lower  one  is  largely  under  the  upper  curve  of  the  letter,  while 
the  upper  one  is  i  stroke  within  a  line  of  the  lower  curve. 
The  horizontal  stroke  of  the  letter  is  2^  strokes  from  the 
bottom  line. 

The  letter  W  is  8i  strokes  wide  on  top  and  3.  strokes  wide 
on  the  bottom,  and  the  intersection  of  the  inside  fine  line 
and  the  right  side  of  the  stroke  is  4  strokes  from  the  left  side 
of  the  letter.  The  interior  triangles  of  the  letter  should  all 
be  of  the  same  area. 

The  fine  line  of  the  X  intersects  the  stroke  h  stroke  aboi 
the  center  of  the  letter,  and  the  fine  line  of  the  Y  joins 
stroke  exactly  in  the  center  of  the  letter. 

72.  The  character  &  is  designed  so  that  the  interior 
the  upper  and  lower  portions  of  the  letter  incline  the  same 
the  elliptical  interior  of  the  O  and  Q,  and  some  authorities 
carry  this  feature  in  the  inside  line  of  the  C  and  G,  but  it  is 
difficult  to  accomplish  this  without  producing  a  distorted 
appearance,  and  has  therefore  been  here  omitted.  The  top 
of  the  &  is  }  stroke  wide  above  the  top  line,  and  the  right 
fine  line  expands  to  a  width  5  stroke  at  a  point  almost  on 
the  top  line.  The  fine  line  intersects  the  lower  outline  of  the 
stroke  half  way  between  the  top  and  bottom  lines.  The 
horizontal  line  of  the  spur  is  i  stroke  above  the  center  of 
the  letter. 

73.  The  fine  line  forming  the  top  of  the  numeral  1  is  at 
an  angle  of  about  60",  and  the  broadest  point  extends  above 
the  top  lettering  line  about  one-half  the  width  of  a  stroke, 
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the  fine  line  extending  the  width  of  a  stroke  beyond  the 
vertical  stroke  of  the  letter.  The  curves  of  the  2,  3,  and  5 
are  somewhat  sickle  shaped,  the  top  of  the  3  being  the  only 
one  with  a  spur  above  the  top  line.  The  3,  5,  6,  and  9  ter- 
minate io  a  point  1  stroke  above  or  below  the  line.  This 
characteristic  feature  of  the  figures  3  and  4  in  this  style  is 
the  fine  line,  which  is  inclined  at  an  angle  of  about  50°. 
The  curved  stroke  of  the  3  begins  on  the  fine  line  at  a  point 
about  ^  stroke  above  the  center  of  the  figure.  The  figure  4 
extends  1  stroke  below  the  bottom  line,  and  the  horizontal 
bar  is  1  stroke  above  the  bottom  line,  i  stroke  in  thickness, 
and  extends  li  strokes  to  the  right  and  3*  strokes  to  the  left 
of  the  horizontal  stroke.  The  vertical  fine  line  of  the  figure  5 
is  one-half  the  height  of  the  letter. 

The  upper  fine  line  of  the  figure  fi  is  3  stroke  below  the 
top  line.  The  slanting  stroke  of  the  figure  7  extends  1  stroke 
below  the  bottom  line,  and  its  lower  right  end  is  vertically 
below  the  center  of  the  horizontal  stroke  of  the  figure  on  the 
top  line. 

The  lower  inside  space  of  the  figure  8  ig  made  as  large  as 
possible,  in  conformity  with  the  other  letters  of  its  style,  the 
lower  portion  of  the  letter  being  6  strokes  in  width  and 
i  stroke  wider  on  each  side  than  the  upper  portion.  The 
horizontal  portion  of  the  stroke  is  23  strokes  above  the  bottom 
line.  The  figure  9  is  a  reversed  6,  the  lower  iine  line  being 
i  stroke  above  the  bottom  line. 

Execute  all  the  work  on  this  plate  as  in  the  previous 
plates,  paying  particular  attention  to  the  distinguishing 
characteristics  of  the  letter,  completing  the  plate  with  the  date, 
Dame,  and  class  letters  and  number  in  their  proper  places. 


PLATK,  TITLEi  LOWER-CASE  ROMAN 
74.  The  lowpi-  case  of  the  four  varieties  of  Roman 
letters  are  given  on  this  plate,  in  order  to  show  the  com- 
parative differences  in  their  general  design.  The  plate  is 
divided  somewhat  differently  from  the  previous  ones,  the 
lowest    line    being    I    inch   above    the   lower   border   line. 
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Another  line  drawn  S  inch  above  will  mark  the  space  for  the 
last  five  letters  of  the  alphabet.  A  similar  1-inch  space  and 
a  line  i  inch  above  this  will  mark  the  first  letters  of  the 
alphabet.  The  upper  strokes  of  these  letters  extend  «  inch 
above  this  line,  and  i-inch  space  is  left  between  their  tops 
and  the  numerals. 

The  line  containing  the  numerals  is  i  inch  high.  Resting 
on  the  line  forming  the  top  of  the  Roman  numerals  are  the 
last  five  letters  of  the  French  Roman  alphabet.  These  are 
i  inch  high.  Allow  t  inch  space  between  lines  of  letters  and 
draw  the  upper  French  Roman  letters  f  inch  high.  All  let- 
ters above  it,  except  the  titles,  are  I  inch  high.  The  space 
between  the  top  of  the  French  Roman  and  the  lower  line  of 
letters  above  is  li^s  inches;  the  space  between  the  upper  letters 
is  3  inch.  The  projection  of  the  letters  above  the  top,  or 
bflow  the  bottom,  lettering  line  is  the  same  as  in  all  three 
alphabets. 

75.  Only  eight  letters  of  the  Boston  Roman  alphabet  are 
shown,  as  this  alphabet  is  practically  the  same  as  the  New 
York  style  in  every  respect,  excepting  the  proportionate 
widths  of  stroke  and  fine  line,  and  any  such  other  details  as 
would  arise  from  a  difference  of  fine  line  and  the  way  it  fin- 
ishes. These  details  have  been  explained  in  connection  with 
the  plate  containing  the  capital  letters  in  previous  alphabets, 
and  need  not  be  repeated  here.  The  bottom  part  of  the  verti- 
cal stroke  of  the  a  curves  to  a  point  in  the  New  York  alphabet, 
and  finishes  with  a  fillet  at  the  end  of  a  quarter  circle  in  the 
Boston,  The  same  difference  will  be  observed  in  the  finish 
of  the  vertical  strokes  of  all  letters  in  these  two  alphabets. 

76.  In  the  French  Roman,  this  termination  in  the  letters 
is  different,  branching  off  at  an  angle  from  the  vertical  stroke 
and  carrying  both  sides  parallel,  making  a  spur  on  one  side 
and  a  bevel  on  tbfe  other  side  of  the  stroke. 

The  curve  of  the  a  is  the  same  in  the  New  York  and  Boston 
alphabets,  bending  downwards  to  its  intersection  with  the 
vertical  stroke,  while  in  the  French  Roman  alphabet  it  inter- 
sects with  the  vertical  stroke  in  an  upward  direction. 
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In  the  New  York  and  Boston  alphabets,  the  ball  on  the 
terminal  of  the  upper  fine  line  of  the  a  and  other  letters  is 
the  same,  but  in  the  French  Roman  these  letters  are  finished 
with  a  thickening  of  the  fine  line. 

The  width  of  the  stroke  in  the  first  three  alphabets  is  i  inch, 
but  that  of  the  Medieval  Roman  is  one-third  less.  The  top 
stroke  of  the  b,  as  well  as  that  of  all  vertical  strokes,  except 
the  t,  in  the  New  York  and  Boston  alphabets,  is  horizontal, 
while  the  bottom  stroke  in  each  case  is  the  reverse  of  the 
letter  a. 

The  top  of  the  c  is  the  reverse  of  the  top  of  the  a;  the 
letter  d  is  the  reverse  of  the  b  in  each  alphabet,  except  the 
Medieval  Roman,  the  fine  line  of  which  intersects  the  stroke 
at  the  top  of  the  body  of  the  letter.  The  stroke  of  the  e  is 
cut  off  at  a  bevel  in  the  first  two  alphabets,  and  brought  to  a 
point  in  the  fine  line  in  the  lower  two.  The  curved  stroke 
of  the  latter  is  ere  scent- shaped. 

The  cross-line  of  the  f  in  the  first  two  alphabets  is  finished 
as  a  spur,  but  in  the  lower  two  it  is  a  bar  i  stroke  wide, 
extending  iwo-lhirds  the  width  of  the  letter. 

The  letter  g  of  the  first  alphabet  extends  four-fifths  its 
I  height  below  the  line.  The  top  part  of  the  g  is  equal  to 
I  the  o  and  the  bottom  is  a  cyma,  the  right  point  of  which 
continues  in  a  fine  line  to  the  line  below.  The  extreme 
lower  portion  of  the  g  is  the  same  in  the  first  two  and  in  the 
Medieval  alphabet,  except  as  to  proportion,  the  latter  being 
broader  and  more  elongated,  while  the  French  alphabet  differs 
in  this  respect  by  the  omission  of  the  return  of  the  fine  line. 

There  is  little  variety  in  the  h,  i,  or  j  of  any  of  the  alpha- 
bets, except  as  to  width  and  weight  of  the  stroke.  The  tail 
of  the  r  in  the  first  two  alphabets  is  practically  the  same;  in 
the  third,  it  forms  a  half  cyma,  but  in  the  fourth  one  it 
meets  the  fine  line,  terminating  in  a  ball.  The  s  of  the 
Medieval  Roman  alphabet  thickens  at  the  ends  of  the  fine 
line,  and  terminates  with  a  fine-line  spur  in  the  same  maimer 
as  the  capital  letter  of  that  alphabet. 

The  last  five  letters,  with  the  exception  of  the  y,  are 
closely  allied  in  design  to  the  capitals  of  the  same  alphabet, 
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and  the  letter  y  is  similar  to  the  letter  v  with  its  fine  line  ear- 
ned below  the  bottom  lettering  line  and  finished  as  shown. 

77.  There  are  no  set  rules  governing  the  width  of  the 
stroke,  the  space  between  the  strokes  in  the  Roman  numerals 
always  depending  on  the  circumstances  under  which  the 
characters  are  used.  On  a  circle,  such  as  a  clock  dial, 
the  stroke  is  light  and  the  space  does  not  greatly  exceed  the 
fine  line  in  this  case.  The  numerals  V  and  X  are  condensed 
as  much  as  possible.  The  line  at  the  top  and  bottom  of 
the  letter  in  many  cases  does  not  extend  across  the  points 
of  the  V,  as  shown  in  the  plate,  but  are  cut  off  in  the  form 
of  a  spur  for  each  individual  numeral. 

The  numeral  4  in  some  cases  is  Written  Ilfl.  and  in 
others  IV.  There  is  no  rule  governing  which  shall  be  used, 
although  custom  has  made  the  former  almost  universal  in 
dialing.  In  nearly  all  cases  where  these  letters  occur  to 
represent  numerals,  they  are  condensed  much  more  than  any 
other  letters  of  the  same  style  on  the  same  tablet  or  in  the 
same  inscription. 

In  the  use  of  the  Medieval  Roman  alphabet,  it  was  for- 
merly customary  to  leave  no  space  between  the  various 
words  of  the  inscription,  but  to  separate  the  words  merely 
by  a  period,  in  the  same  manner  as  the  numerals, 

Draw  this  plate  according  to  the  directions  given,  propor- 
tioning the  letters  as  directed,  inseriing  the  small  titles  over 
each  alphabet,  and  observing  particularly  the  characteristic 
differences  existing  in  each  one.  After  the  plate  is  inked, 
insert  the  date  in  the  lower  left-hand  corner,  and  the  name 
and  class  letters  and  number  in  the  lower  right-hand  comer. 

PLATE,   TITLE:    COLOR  SnADINO 

78.  In  shading  letters  with  colors,  there  are  several 
important  points  to  observe.  To  give  the  shading  the  touch 
of  a  master  hand,  one  must  first  select  such  colors  as  are  in 
harmony  or  contrast.  Discordant  colors  should,  therefore, 
be  studiously  avoided.  Weakness  in  coloring  is  always 
characteristic  of  the  work  of  a  beginner.     Black  or  dark  colors 
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should  be  freely  employed  to  give  strength  to  the  shading. 
Pure  rich  colors  may  be  easily  destroyed  by  using  a  brush 
that  has  not  been  thoroughly  cleaned,  or  they  may  be  ruined 
by  carelessness  in  mixing.  This  is  especially  true  with 
regard  to  oil  or  varnish  colons,  as  water  colors  are  pure  in 
their  prepared  state,  and  require  only  pure  water  lo  reduce 
them  to  the  consistency  aud  strength  where  ihey  may  be 
applied, 

79.  To  draw  the  plate,  use  regular  T.  S.  Co.'s  cold- 
pressed  drawing  paper  15  inches  by  20  inches.  Measuring 
from  the  bottom  edge  of  paper,  draw  the  bottom  line  for  the 
letter  B  exclusive  of  shade  3  inches  from  the  edge;  the  letter  C, 
2J  inches,  and  the  letter  E,  3i  inches.  The  letter  B  is  2  inches 
from  left  edge  of  paper  and  3}  inches  wide,  exclusive  of 
spurs.  The  letter  E  is  I  inch  from  right  edge  of  paper,  and 
4i  inches  wide,  exclusive  of  spurs.  Locate  the  letter  C 
3i  inches  to  the  left  of  E,  making  it  3  inches  wide,  extreme 
width.  The  widths  of  the  strokes  of  these  letters  are:  B, 
i  inch,  including  black  outline  in  each  case;  C  is  }  inch,  and 
E.  1  inch. 

Beginning  at  the  top  edge  of  paper,  measure  downwards 
and  draw  a  line  for  the  top  of  title  \h  inches  from  edge. 
The  height  of  title  is  A  inch.  Locate  this  in  center  of  plate 
by  finding  center,  which  is  10  inches  from  right  or  left  edge 
of  paper.  Locale  the  black  panel  containing  the  letter  W 
ll  inches  from  right  edge  of  paper  and  2*  inches  from  top; 
the  height  of  panel  is  3|  inches  and  the  length  4^  inches. 
The  height  of  letter  W  is  2t^  inches  and  the  letter  is  J  inch 
from  bottom  edge  of  panel.  The  letter  I  is  2i  inches  from 
top  edge  of  paper;  4f  inches  high  and  li  inches  from  left 
edge;  exclusive  of  spurs.  The  letter  E  is  2-ft  inches  from 
top  edge;  41  inches  high,  and  4  inches  from  left  edge  of 
paper.  The  panel  to  the  back  of  letter  E  is  2i  inches  from 
top,  3i  inches  from  left  edge.  3  inches  high,  and  3i  inches 
wide.  The  letter  S  is  2j  inches  from  top  edge  of  paper, 
8iV  inches  from  right  edge,  and  8i  inches  from  left  edge 
measuriog  to  the  extreme  curve  of  the  main  stroke  of  letter. 
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The  letter  T  is  31  inches  high.  The  width  of  strokes  is  as 
follows:  I,  H  inch;  E,  f  inch;  S,  1  inch;  T,  i  inch,  including 
black  outline;  W,  A  inch. 

80.  Draw  the  shade  from  all  letters  by  first  drawing  light 
pencil  lines  from  every  point  of  the  letter  at  an  angle  of  45°. 
Always  keep  the  shade  uniform  in  width  and  the  space 
between  the  shade  and  the  outline  of  letter  likewise  uni- 
form in  width.  The  space  between  the  shade  and  the  stroke 
in  the  letter  W  is  A  and  the  shade  f  inch  wide,  condensing 
this  on  left  slanting  strokes.  The  width  of  the  yellow,  crimson 
lake,  and  vermilion  shades  in  the  letter  S  is  i  inch;  that  of  the 
two  gray  shades  is  A  inch.  The  letter  T  being  smaller, 
the  width  of  shades  are  in  proportion  to  the  height  of  letter. 
The  top  portion  of  letter  I  is  A  inch  on  its  black  face  and 
A  inch  wide  in  its  bevels.  The  beveled  edge  of  the  lower 
portion  is  A  inch.  The  strokes  of  the  letter  E  are  equally 
divided  by  a  center  line. 

The  width  of  the  shades  in  the  lower  letters  are  as  follows: 
B  black  shade  next  to  letter,  i  inch;  blended  shade,  I  inch; 
black  shade,  -ih  inch;  dark-gray  shade,  1%  inch;  and  light-gray 
shade,  i  inch.  C  yellow,  dark  and  light  purple  shades  are 
i  inch  wide;  and  the  natural  shade  beyond  these,  A  inch  wide. 
The  shades  of  the  letter  E  are  all  i  inch,  with  the  exception 
of  the  black,  which  are  A  inch  and  i  inch,  the  wider  being 
the  nearer  to  the  stroke  of  the  letter. 

Before  coloring  the  face  of  the  letters  and  shading  them, 
use  a  soft  eraser  and  reduce  the  pencil  marks  to  visible  lines 
only,  entirely  erasing  any  superfluous  pencil  marks  and  other- 
wise clean  the  drawing.  It  will  impair  the  work  to  attempt 
this  after  the  water  colors  have  been  applied.  Execute  all 
the  black  work  of  the  plate  before  beginning  to  shade  and 
color  the  letters. 

81.  Beginning  at  letter  I,  color  the  entire  lower  portion 
with  a  medium  shade  of  Prussian  blue.  Lighten  the  blue 
with  white  for  the  light  bevel  and  darken  it  for  the  dark 
bevel  with  the  same  blue.  The  yellow  bevels  of  the  top  por- 
tion of  the  letter  are  an  orange-chrome  tint  for  the  light. 
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darkened  with  burnt  sienna  for  the  darker  bevel;  for  deepest 
shade,  Indian  red  is  used.  The  light-gray  panel  at  back  of 
letter  E  contains  a  little  orange  chrome  yellow,  while  the 
gray  shades  of  the  letter  are  made  of  charcoal  gray  tem- 
pered with  blue.  More  blue  is  added  to  this  gray  to  produce 
the  color  used  in  blending  the  face  of  the  letter  S.  The  face 
of  the  letter  T  is  sepia,  burnt  sienna,  and  charcoal  gray. 
To  shade  the  letters  S  and  T,  first  run  on  the  vermilion 
shade  J  inch  wide  and  subsequently  split  this  by  covering 
the  half  nearest  lo  the  letter  with  crimson  lake.  Gold  color 
may  then  be  run  in  the  space  belween  the  shade  and  the 
letter.  The  gold  color  of  the  letter  W  is  made  of  orange 
chrome  and  lemon  chrome  yellow.  The  darker  shade  of 
yellow  is  the  gold  color  with  burnt  sienna  added.  In  coloring 
the  \V,  cut  in  the  letter  with  waterproof  India  ink,  cutting  in 
the  shade  also,  then  flow  the  water  colors  over  the  white, 
which  insures  a  clear  color. 

To  shade  the  three  lower  letters,  begin  on  the  B  and  out- 

^line  the  letter,  then  run  on  the  heavy  black  shade  next  to  the 
^letter  and  the  other  black  shade  i  inch  from  the  first.     The 

rblending  should  then  be  done  beginning  with  the  lightest 
yellow,  which  is  a  tint  of  chrome  yellow.  Blend  into  this 
a  little  orange  chrome,  following  with  vermilion,  then  with 
the  dark  shade,  which  is  the  pure  color,  in  the  darkest 
part.  The  two  gray  shades  are  charcoal  gray  only.  The 
tint  on  the  face  of  the  letter  is  made  of  Indian  red.  Use 
Mauve   purple   in   shading    the   C,   orange   chrome   yellow 

I  and  burnt  sienna  for  the  shade  nearest  the  letter,  and  char- 

BCoal  gray  and  orange  for  the  natural  shade.  The  various 
shades  of  green  in  the  letter  E  are  obtained  by  adding 
gamboge  lo  the  new  green  for  the  yellow  green,  and 
Prussian  blue  for  the  blue  green.  Burnt  sienna  is  used  for 
the  brown  shade,  orange  and  sienna  for  the  shade  within 
the  face  of  the  letter.  The  vine  is  Indian  red  with  crimson 
lake  added.  Use  gold  color  for  outline  of  letter.  Sufficient 
space  is  allowed  at  the  bottom  of  this  plate  for  the  name, 
class  letters  and  number  in  the  right  corner  and  the  date  of 
its  completion  in  the  left. 
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PI^TE,  TITLE:   GERMAN  TEXT 

82.  The  German  Text  is  a  styJe  of  letter  originated 
toward  the  end  of  the  Medieval  period,  and  is  closely  allied 
to  the  Old  English  in  many  of  its  details.  The  identity  of 
the  letters  themselves  are  somewhat  more  obscure  than  the 
Old  English  letters,  as  their  general  outlines  are  intended  to 
conform  more  closely  to  the  earlier  styles.  Some  of  the 
letters,  such  as  the  O,  Q,  S,  etc,  are  scarcely  recognizable 
as  being  the  same  characters  with  which  we  are  familiar  in 
the  Roman  type.  This  alphabet,  like  the  Old  English,  is 
composed  almost  exclusively  of  combinations  of  cymas  and 
crescents.  The  letters  are  not  sufficiently  regular  to  permit 
of  a  detailed  description  of  each  of  their  numerous  propor- 
tions, and  the  student  must  use  his  judgment  and  measure 
by  the  eye  to  determine  if  the  proportions 
of  a  letter  are  or  are  not  in  accordance 
with  the  plate.  Draw  the  lower  line  of  the 
lower-ease  letters  A  inch  above  the  lower 
border  line.  Make  the  lower-case  letters 
{i  inch  high,  with  a  space  of  i  inch  between 
the  bottom  line  and  the  line  for  the  long 
strokes  above,  which  is  A  inch  from  the 
bottom  of  the  upper  line  of  letters.  The 
long  letters  extend  above  the  line  A  inch.  Between  the  tops 
of  the  long  letters  and  the  bottom  of  the  last  line  of  capita! 
letters  is  a  space  of  *  inch,  and  the  capitals  are  1  inch  high 
and  i  inch  apart.  The  title  is  A  inch  above  the  top  line  of 
letters,  its  capitals  being  t'*  inch  high,  while  its  lower-case 
letters  are  A  inch,  or  in  the  same  proportion  as  the  lower- 
case letters  below  in  the  plate.  In  this  alphabet,  the  vertical 
strokes  are  A  inch,  and  the  curved  strokes  at  the  point  of 
maximum  width  are  i  stroke  wider.  The  vertical  strokes  of 
nearly  all  the  letters  in  the  capitals  and  lower  case  are  cut  at 
an  angle  of  4.5°,  their  bottoms  terminating  in  two  spurs  on 
the  sides,  to  which  is  added  a  tine  line  on  the  right  end,  while 
Ihe  fine  line  is  added  to  the  left  at  the  top.  The  proportion 
of  this  may  be  more  clearly  seen  by  a  reference  to  Fig.  3, 
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which  shows  the  vertical  stroke  together  with  the  diagonal 
stroke,  showing  the  relative  position  of  each  if  they  were 
separated.  At  a  of  the  lower-case  letters  is  shown  the 
characteristic  of  the  vertical  stroke  terminating  on  the  bottom 
line  with  its  point  to  the  right  of  the  center  of  the  stroke. 
It  will  be  observed  that  the  points  of  this  stroke,  to  the  fine 
lines  extending  from  them,  are  but  the  angles  of  a  small 
rectangle,  the  width  of  which  is  equal  to  the  stroke  and 
the  length  of  which  is  equal  to  about  li  strokes.  Thi^ 
small  rectangle  is  set  with  a  point  on  the  left  of  the 
center  line  of  the  stroke  of  the  letter,  diagonally  opposite 
the  point  resting  on  the  lower  line  of  letters  and  its  sides 
inclined  at  an  angle  of  45°.  This  rectangle  is  changed 
to  suit  the  width  of  letter  and  the  part  with  which  it  is 
to  be  united.  In  the  lower  case  i  and  j,  it  is  set  with  its 
principal  angle  on  the  center  line  of  the  stroke;  in  the  p, 
it  is  set  with  its  right  angle  on  a  line  with  the  outside 
of  the  vertical  stroke.  This  brings  the  projection  of 
the  stroke  sufficient  to  the  left  to  cause  it  to  intersect 
with  the  vertical  stroke  on  the  left  of  the  letter,  when 
the  upper  left-hand  angle  is  slightly  extended.  In  the 
capital  letter  A,  it  will  be  observed  that  the  cyma  and 
crescent-shaped  stroke,  forming  its  upper  left  side,  are  both 
repeated  in  several  letters,  while  either  one  or  the  other 
stroke  is  to  be  found  in  all  of  the  letters.  The  width  of 
these  capital  letters  is  about  equal  to  their  height,  with  the 
usual  variation  in  letters  that  are  always  exceptions,  such 
as  the  M,  W,  etc.  The  M  and  W  are  50  per  cent,  wider  than 
the  other  letters  in  both  the  upper  and  lower  cases. 


83.  The  principal  thing  in  laying  out  this  German  Text 
is  to  give  all  the  cur\'ed  strokes  the  proper  angle.  Inac- 
curacy in  proportion,  either  as  to  length  or  thickness,  does 
not  mar  the  appearance  of  the  letter  to  such  an  extent  as 
does  the  placing  of  the  strokes  at  an  improper  angle.  Many 
of  the  letters,  when  closely  examined,  will  be  found  to  be 
very  much  alike,  and  the  stroke  of  the  curved  formations, 
once  mastered,  has  only  to  be  changed  arouod  and  its  size 


altered  to  make  it  a  simple  matter  to  combine  it  in  any  of 
the  letters.  Draw  the  vertical  stroke  o£  the  A  {i  inch  to  the 
right  of  the  left  border  line.  Draw  the  slanting  part  of  the 
stroke,  with  its  point  and  spur,  as  above  described.  Con- 
struct the  half  cyma  of  a  sufficient  length  to  make  the  letter 
5  strokes  wide,  and  draw  the  vertical  cyma  and  crescent 
stroke,  the  latter  to  within  -f  stroke  of  the  vertical  and  the 
former  f  stroke  from  the  latter.  The  upper  left  strokes  of 
•the  V  are  similar  in  outline,  but  different  in  proportion,  to 
those  of  the  A.  ■  A  half  cyma  forms  the  lower  right  curve  of 
the  B,  and  a  full  cyma,  terminating  in  a  ball,  forms  the  lower 
stroke  of  the  B.  A  short  thick  cyma  forms  the  top  stroke  of 
the  letter  and  finishes  at  a  point  directly  over  the  extreme 
outside  curve  of  the  lower  portion.  The  C  is  in  outline  a 
crescent,  within  which  is  hung  from  the  fine  line  a  cyma,  the 
bottom  of  which  is  continued  in  a  fine  line  and  curved  par- 
allel to,  and  3  inch  from,  the  lower  stroke  of  the  letter.  The 
top  of  the  letter  is  finished  on  the  top  line  with  a  half  cyma. 
The  lower  stroke  of  the  D  is  similar  to  that  of  the  B,  but  longer 
and  thinner.  It  rests  on  the  bottom  line  and  swings  around 
to  the  left  again,  similar  to  the  stroke  of  the  B,  but  continues 
past  the  vertical  stroke  at  the  top  of  the  letter  and  curls  up 
on  the  left  side.  The  vertical  stroke  is  then  drawn  as  a 
cyma;  its  point  pierces  the  top  stroke,  and  its  curved  fine 
line  is  tangent  to  the  bottom  stroke.  The  letter  E  is  simi- 
lar to  the  C,  except  the  addition  of  its  ball  and  fine  line. 
The  letter  F  combines  the  two  curves  of  the  lower  parts  of 
two  cymas.  and  is  crossed  at  the  top  with  a  horizontal  cyma, 
a  ball  and  fine  line  similar  to  the  E  completing  the  characteristic 
of  the  letter.  The  left  stroke  and  interior  of  the  G  is  simi- 
lar to  the  C,  except  that  its  interior  cyma  does  not  hang  from 
the  fine  line,  but  crosses  it,  and  its  lower  right  fine  line  is 
continued  around,  deepening  into  a  heavy  semicyma.  the 
inside  line  of  which  touches  the  vertical  stroke  and  the  top 
of  which  continues  outwards  and  upwards,  terminating  in  a 
ball  at  the  top  line.  The  letter  H  is  composed  of  a  vertical 
cyma,  with  a  ball  on  its  lower  end  and  a  semicyma  on  its 
tipper  end.    The  right  stroke  is  a  crescent,  the  left  end  o£ 
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nail  hollow-sided  rectangle,  1  stroke 


wbich  terminates  in  a  s 
in  each  direction. 

84.  The  letters  I  and  J,  combined  in  one  character  here, 
are  very  similar  to  the  F  except  that  the  lower  strokes  are 
much  more  inclined  and  there  is  no  ball  and  fine  line.  In  the 
letter  K.  the  left-hand  vertical  stroke  does  not  begin  with  a 
ball,  but  starts  from  a  small  rectangle,  and  curves,  tangent 
to  the  lower  line,  into  a  fine  line  and  thence  into  a  broad 
stroke  at  its  center,  and  diminishes  at  its  top  line,  where  it 
again  becomes  tangent  and  returns  to  the  front  of  the  letter 
as  a  part  of  the  line  line.  Under  this  fine-lined  arch,  which 
is  i  stroke  above  the  line,  is  drawn  a  small  semicyma;  and 
under  the  semicyma  are  drawn  the  fine  line  and  lower  slant- 
ing stroke  of  the  letter.  The  letter  L  is  similar  to  the  letter  J 
reversed,  but  not  quite  so  large.  Its  vertical  cymas,  too,  are 
not  inclined.  The  letter  M  is  composed  of  the  two  crescent 
strokes  terminating  at  the  bottom  in  two  semicymas,  the 
points  terminating  below  the  line  and  finishing  on  the  right 
side  with  a  cyma  and  vertical  stroke.  The  left  stroke  of  the 
N  is  similar  to  the  left  stroke  of  the  A.  except  that  the 
crescent  stroke  is  brought  down  full  to  the  bottom  line  and 
the  semicymas  grow  out  of  it  to  the  left,  as  in  the  M. 

85.  The  letter  O  combines  the  strokes  of  the  letter  U  in 
a  somewhat  different  manner.  The  vertical  cyma  inside  the 
D  is  moved  to  the  exterior  edge,  so  that  its  center  rests  just 
to  the  right  of  the  ball  on  the  lower  line.  The  right-hand 
top  stroke  is  carried  over,  intersecting  the  vertical  cyma  at 
a  point  directly  over  the  right-hand  side  of  the  hall  of  the 
lower  stroke.  The  letter  Q  is  precisely  similar  to  this, 
except  the  tail.  The  letter  P  possesses  a  long  vertical 
stroke,  terminating  below  the  line  2  strokes  and  tapering  off 
to  within  one-third  of  its  width  at  the  center.  The  upper 
left  half  of  this  stroke  is  precisely  the  same  as  that  in  the  N, 
the  upper  right  half  supporting  a  semicyma,  the  lower  point 
of  which  is  tangent  to  the  end  of  a  semicyma  resting  on  the 
lower  line.  There  is  considerable  similarity  between  the 
letter  R  and  the  letter  K,  though  careful  observation  shows 
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that  their  details  are  entirely  different  in  arrangement.  The 
right  lower  stroke  of  the  R  is  a  vertical  stroke  terminating 
in  a  curve;  the  left  stroke  is  a  duplicate  of  the  left  stroke  of 
the  N,  the  difference  being  that  where  the  vertical  stroke 
intersects  the  too  stroke  the  R  reaches  a  horizontal  line, 
which  extends  from  its  vertical  stroke  to  its  crescent  stroke, 
while  the  N  has  no  such  detail.  The  stroke  of  the  S  is  a 
horizontal  cyma  on  top,  a  horizontal  crescent  at  the  bottom, 
and  a  horizontal  cyma  of  reversed  curves  in  the  middle. 
The  characteristics  of  the  strokes  in  the  T  are  readily  under- 
stood, but  a  strong  resemblance  would  be  observed  in  the 
general  outline  of  the  U  and  that  of  the  A,  and  on  this 
account  many  German  printers  use  a  letter  identical  with  the 
lower-case  u.  The  V  is  also  similar  to  the  B,  except  that  its 
right  stroke  is  a  cyma  supporting  a  small  cyma,  and  its  bot- 
tom stroke  is  a  cyma  attached  lo  a  ball.  The  letter  W  is  very 
irregular.  The  upper  left  stroke  is  the  upper  left  stroke  of 
the  A  and  the  lower  left  stroke  is  the  lower  left  stroke  of  the 
B,  The  vertical,  or  nearly  vertical,  intermediate  stroke  is 
ioined  to  the  crescent  after  terminating  into  a  looped  fine 
line;  the  extreme  right  stroke  is  a  cyma  supporting  another 
cyma  similar  to  the  right  half  of  the  U,  but  of  different  pro- 
portions. The  middle  stroke  is  then  proportioned  to  conform 
itself  to  these  other  two.  The  X  is  simply  a  vertical  stroke 
crossed  by  a  horizontal  stroke.  The  Y  is  a  combination  of 
the  left  strokes  c  f  the  U  and  A,  with  a  vertical  cyma  and  fine- 
line  curve.  The  Z  is  composed  of  two  crescents  and  a  cyma, 
the  middle  stroke  of  which  is  3  strok:iS  above  the  lower  line. 
The  character  &  is  shown  in  two  forms,  the  first  one,  com- 
posed of  a  vertical  cyma,  terminating  in  its  upper  end  with  a 
ball,  and  with  two  tangent  cymas  for  its  right  stroke,  being 
essentially  the  original  German  character,  which  is  rarely 
used  except  in  signs  and  inscriptions  involving  firm  names 
essentially  of  a  German  character.  The  second  &  is  a  modi- 
fication of  the  Old  English  form  of  the  letter  applied  to 
this  text  for  modem  use  in  such  places  where  the  German 
text  will  be  used  lo  write  English  words  or  express  English 
names. 
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86.  The  lower-case  letters  are  similar  in  m^ny  respects, 
in  regard  to  their  formations,  to  the  lower-case  letters  of  the 
Old  English  alphabet.  The  stroke  of  these  letters  is  three- 
fourths  that  of  the  capitals,  and  the  space  enclosed  between 
the  vertical  strokes  of  the  a,  b,  g,  m,  n,  etc.  is  about  1  stroke. 
Ihe  letters  p,  v,  w,  and  y  finish  above  the  line  with  a  semi- 
cyma;  the  top  of  the  letter  f  finishes  horizontally  with  a  cyma, 
while  a  crescent-shaped  stroke  is  inserted  between  the  cross- 
ing of  the  k  and  the  vertical  line.  Give  the  closest  attention 
to  the  proportioning  of  these  letters,  comparing  the  details 
of  each  lower-case  letter  with  those  of  the  Old  English 
alphabet  and  'observing  the  strong  points  of  similarity 
between  different  letters  and  this  alphabet.  For  instance, 
observe  that  the  d  and  o  are  precisely  the  same  in  outline, 
except  that  the  former  letter  is  continued  above  the  line 
with  a  semicyma.  The  c  and  e  are  very  nearly  alike,  with 
the  exception  of  the  fine  line.  The  r  and  the  x  are  identical, 
with  the  exception  of  the  finish  on  the  bottom  line.  The 
middle  stroke  of  the  z  is  in  the  center  of  the  body  of  the 
letter,  and  the  inclined  stroke  at  the  top  is  at  an  angle  of  45°. 

Having  completed  laying'  out  the  alphabet,  ink  in  this 
plate,  as  before,  inserting  the  title  in  its  proper  place,  and 
placing  the  date  in  the  lower  left-hand  corner  and  the  name, 
class  letters  and  number  in  the  lower  right-hand  corner. 


PLATE,   TITLE:   CHURCH  TEXT 

87.  Church  Text  is  seen  in  many  of  the  old  English 
cathedrals,  and  was  originated  in  the  monasteries  of  the 
Medieval  period.  It  has  been  used  in  all  church  work,  for 
stained-glass  inscriptions  and  ecclesiastical  decorations,  and 
is  seldom  used  for  other  purposes.  It  bears  a  strong  resem- 
blance to  the  Old  English  letter,  which  will  be  discussed 
later  on,  but  in  many  respects  it  is  simpler.  In  drawing 
this  plate,  the  first  line  is  rV  inch  above  the  margin  line, 
and  the  lower-case  letters  are  }  I  inch  high  in  the  body  and 
project  T^  inch  above  and  below  the  line.  The  space 
between  the  body  line  of  the  lower-case  letters  is  I  inch. 
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and  between  the  topmost  line  oi  the  lower-case  letters  and 
boiiotn  line  of  the  capitals  is  5  inch.  The  three  lines  of 
capitals  are  each  1  inch  high  and  are  spaced  i  inch  apart. 
The  title  is  i  inch  above  the  top  line  of  letters,  and  its 
capitals  are  I  inch  high,  while  its  lower-case  letters  are  two- 
thirds  this  height.  It  is  practically  impossible,  in  an  alpha- 
bet of  this  character,  to  give  a  direct  proportion  of  the 
various  parts  of  the  letter  in  terms  of  its  stroke  and  fine 
lines.  The  vertical  strokes  are  3^  inch  in  width  and  -sV  inch 
wider  in  all  curved  strokes.  In  manuscript  and  inscriptions, 
either  painted  or  drawn,  the  fine  line  is  usually  as  thin  as 
it  can  be  made.  In  carved  work  and  stained-glass  work 
the  fine  line  is  governed  by  the  material  in  which  it  is 
executed.  The  widtns  of  these  letters  vary  largely,  but, 
like  many  of  the  more  geometrical  alphabets,  the  average 
»-idth  is  about  equal  to  the  height.  The  letters  A,  H,  R,  S, 
and  T  are  each  shown  in  two  forms,  the  choice  of  which  is 
left  entirely  to  the  tastes  and  desires  of  the  letterer,  as  either 
style  belongs  to  this  alphabet.  The  stroke  forming  the 
upper  riyht-hand  finish  of  the  B  occurs  in  a  more  or  less 
curved  form  in  the  letters  H,  N,  O,  P.  Q,  and  R.  and  is  a 
combination  of  cymas  and  semicymas.  The  cyma  has  been 
used  in  the  other  alphabets,  but  forms  an  actual  component 
part  of  the  letter  in  this,  as  well  as  in  the  Old  English  and 
German  Texts,  and  forms  one  of  the  most  important  char- 
acteristics of  the  letter.  It  should  therefore  be  practiced 
separately  until  its  form  is  so  familiar  that  it  can  be  drawn 
in  aoy  position  and  in  any  direction. 

88.  In  the  first  form  of  ihe  letter  A,  the  cyma  occurs 
three  times,  and  each  time,  with  but  one  exception,  in  a 
different  position.  The  stroke  at  the  bottom  of  the  B  is  a 
cyma.  the  terminals  of  which  are  continued,  to  form  a  fine 
line,  and  again  spread  into  semicymas,  constituting  the  lower 
curved  ponion  of  the  letter.  The  heavy  curved  stroke  of 
the  C  is  ere  scent- shaped,  its  interior  vertical  stroke  being 
another  reproduction  of  the  cyma.  In  drawing  these  letters, 
gauge  carefully  by  the  eye  the  space  between  the  strokes  and 
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also  between  the  fine  lines.  The  two  vertical  strokes  of  the  B, 
and  all  other  letters  where  vertical  strokes  are  used  together, 
are  spaced  about  I  stroke  apart,  whereas  the  vertical  cyma, 
as  it  occurs  in  the  C  and  G,  is  1  stroke  from  the  inside  of  the 
crescent  stroke,  and  the  vertical  strokes  inside  the  O  and  Q 
are  spaced  1  stroke  away  from  the  point  on  the  top  line  form- 
ing the  outline  of  the  letter.  The  lower  finishing  stroke  of 
the  D  is  similar  to  the  B.  whereas  the  upper  stroke,  starling  at 
the  left  extremity  of  the  lettei',  sweeps  down  as  an  elongated 
cyma  and  diminishes  to  a  fine  line  at  the  same  point  as  did 
the  same  detail  in  the  B.  The  two  points,  or  spikes,  that 
project  from  the  left  of  some  of  the  letters  are  located  about 
the  middle  of  the  vertical  stroke,  except  in  the  A,  where 
they  are  raised  to  clear  the  fine  line.  The  vertical  strokes 
from  which  they  project,  as  well  as  the  fine  lines  that  extend 
from  these  strokes  in  some  letters,  such  as  the  C  and  N.  are 
beveled  ofE  top  and  bottom  at  an  apgle  of  about  30°. 

89.  All,  except  the  curved  lines  of  the  letters,  should  be 
drawn  with  the  triangle;  those  being  at  the  30°  angle  can 
thus  be  easily  rendered  parallel.  The  letter  E  is  a  combina- 
tion of  vertical  strokes,  cymas,  and  semicymas.  The  middle 
semicyma  and  the  fine  line  that  intersects  it  with  the  semtcyma 
at  the  top,  intersects  the  vertical  stroke  at  the  center.  The 
lower  stroke  of  the  F  carries  this  letter  li  strokes  below  the 
line.  The  letter  G  is  very  similar  to  the  C,  except  thai 
the  crescent  forming  its  left  stroke  is  vertical,  and  its  right 
stroke  is  brought  around  and  finished  as  a  semicyma  with  a 
like  detail  inside,  as  occurs  on  the  bottom  of  F.  The  two 
styles  of  H  are  almost  identical  in  their  vertical  strokes  and 
top.  the  main  difference  being  in  the  character  of  the  curve 
that  forms  the  right  projection  of  the  letter.  The  letters  I 
and  J  are  combined  in  one  character  in  this  alphabet,  the 
vertical  strokes  of  which  are  similar  to  the  F,  except  that 
the  right  one  finishes  with  a  curve  at  the  bottom  instead  of  a 
straight  line,  as  in  the  former  letter.  The  K  is  similar  to 
other  letters  in  detail,  except  in  its  right  strokes,  one  of  which 
is  a  compound  curve  and  the  other  straight,  incliDing  to  the 
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left  at  an  angle  of  60°.  The  lower  stroke  of  the  L  finishes 
on  one  end  with  a  curve,  and  on  the  other  with  a  beveled 
and  fine  line  at  an  angle  of  45°.  The  vertical  strokes  are  the 
same  as  those  of  similar  letters,  and  two  fine  lines  are  attached 
to  the  horizontal  stroke,  which,  with  that  of  the  T,  by  the  way, 
are  the  only  straight  horizoutal  strokes  in  the  entire  alphabet. 

90.  The  middle  stroke  of  the  M  differs  somewhat  from 
the  previous  details  of  the  alphabet,  its  upper  end  bending 
in  full  width  to  meet  the  fine  line,  while  its  lower  end  is 
finished  with  a  spur  on  each  side  projecting  i  stroke,  coming 
to  a  point  at  the  bottom.  The  extreme  right  stroke  of  the  M 
is  a  cyma.  The  right  stroke  of  the  N  is  similar  to  the  stroke 
of  the  second  H,  but  with  less  curvature.  The  O,  P,  Q, 
and  R  project  S  stroke  above  the  top  line,  in  the  O  and  Q 
the  point  where  this  projection  occurs  being  J  stroke  to  the 
right  of  the  center  of  the  letter.  This  gives  the  exterior  of 
the  letter  a  pear  shape;  the  left  stroke  forms  a  crescent,  and 
the  right  one  a  compound  curve,  between  which  the  vertical 
stroke  intersects  the  top  of  the  letter  with  one  of  the  lower 
fine  lines.  There  are  no  new  details  in  the  letter  P,  the 
stroke  being  simply  a  combination  of  the  previous  curves. 
The  first  variety  of  R  resembles  the  B  in  its  upper  portion, 
and  the  K  in  its  lower  portion.  The  second  variety  possesses 
that  peculiarity  of  twist  at  the  iipper  end  of  its  right  vertical 
stroke  that  somewhat  resembles  the  middle  stroke  of  the  M, 
and  finishes  like  the  top  stroke  of  the  D,  The  letter  S  will 
be  found  a  difficult  one  to  make;  the  fine  lines  of  the  second 
one  and  the  lower  part  of  the  first  one.  being  at  an  angle 
of  45°,  may  be  drawn  first  and  used  as  guides  to  proportion 
the  letter.  The  letter  in  either  of  its  forms  is  very  similar; 
the  first  one  is  finished  at  the  right  of  the  half  cyma  with  a 
ball,  the  lower  fine  line  also  terminating  with  a  ball,  some- 
what after  the  manner  of  the  Gothic  style,  though  this  and 
the  T  are  the  only  two  letters  in  the  capitals  of  this  alphabet 
that  are  so  decorated.  The  first  T  is  similar  to  the  C  in 
regard  to  its  crescent  stroke,  while  that  of  the  second  is 
carried  its  maximum  width  to  the  right,  where  it  is  cut  off 
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with  a  fine  line  and  balJ.  The  right  stroke  of  the  U  is  the 
reverse  of  the  middle  stroke  of  the  M.  The  V  is  a  combina- 
tion of  cymas  and  straight  strokes  directly  proportionate, 
and  the  W  is  similar  to  the  V  in  its  right  portion,  with  the 
addition  of  the  vertical  stroke  on  the  left  side.  In  drawing 
the  X,  make  the  compound-curved  diagonal  stroke  first. 
Through  its  center  draw  the  cyma.  The  fine  lines  will  then 
intersect  with  the  diagonal  stroke  at  the  angles  between  it 
and  the  cyma  on  the  left-hand  side,  and  are  1  stroke  apart 
if  carried  parallel.  The  two  strokes,  or  half  cymas,  of  the 
Y  are  identically  alike,  and  are  spread  apart  sufficiently  to 
make  their  two  points  4  strokes  apart  on  the  top  line.  The 
crescent  finish  of  the  letter  extends  3  strokes  below  the  line. 
The  diagonal  stroke  of  the  letter  Z  is  at  an  angle  of  45°. 
Its  full  length  over  the  break  is  3-1  strokes.  The  break  is 
1  stroke  wide  on  its  inside,  and  the  two  fine  lines  intersect 
on  the  top  line  2  strokes  to  the  right  of  the  diagonal  stroke. 
The  bottom  of  the  letter,  where  the  right  point  intersects 
with  the  bottom  line,  is  directly  below  the  corner  of  the 
lower  side  of  the  upper  part  of  the  diagonal  stroke. 

91«  The  stroke  in  the  lower-case  letters  of  this  alphabet 
is  the  same  as  the  vertical  stroke  of  many  of  the  capitals;  the 
bottoms  of  the  letters  are  in  nearly  every  case  terminated 
with  two  spurs  extending  to  the  right  and  left  i  stroke  above 
the  bottom  line.  These  lower  spurs  vary  slightly  in  their 
projections,  according  to  the  letter,  and  are  either  a  full  stroke 
or  a  half  stroke,  the  difference  being  readily  discernible  at  a 
glance.  The  enclosed  letters,  such  as  a,  b,  and  g,  are  2  strokes 
wide  on  the  inside.  The  letters  m  and  w  have  their  vertical 
strokes  Ij  strokes  apart.  The  letters  r  and  x  are  precisely 
alike,  except  the  cross-bar  of  the  x  and  curled  terminal  below 
the  line.  The  letter  t  is  crossed  by  a  similar  terminal,  which 
extends  from  the  upper  line  of  the  body  of  the  letter  to  a 
point  1 9  strokes  below  the  line.  There  is  nothing  about  this 
alphabet  that  should  cause  any  difficulty  in  its  execution. 
Close  attention  should  be  given  to  each  individual  letter, 
noting  all  its  peculiarities  before  an  attempt  is  made  to  draw 
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it.  If  your  design  of  the  letter  appears  in  any  way  unlike  the 
origipal.  study  the  above,  learn  the  point  of  error  and  correct 
it.  In  this  letter,  as  in  the  previous  alphabets,  the  curved 
strokes  are  somewhat  heavier  than  the  straight  strokes,  par- 
ticularly the  crescent-shaped  strokes,  the  Jong  compound- 
curved  strokes  not  being  so  much  so  as  the  crescents,  but 
at  the  same  time  heavier  than  the  straight  strokes.  These 
variations  are  slight,  but  the  fact  that  they  exist  must  be 
noted  in  each  case. 

After  drawing  the  plate,  insert  the  title,  as  shown,  place 
the  date  in  the  lower  left-hand  corner,  and  the  name  and  class 
letters  and  number  in  the  lower  right-hand  comer. 


PLATE,  TITLE:  GOTHIC 
92.  The  Gotbic  alphabet  was  created  during  the  closing 
centuries  of  the  Medieval  period,  and  is  associated  histori- 
cally, as  well  as  in  its  outline,  with  the  ogival,  or  pointed 
arch,  which  at  this  time  existed  in  the  Gothic  architecture. 
The  letter  in  modern  use  is  applied  to  church  decoration,  for 
the  purpose  of  writing  religious  quotations,  and  in  printing 
certain  kinds  of  church  literature,  for  which  it  is  appropriate 
on  account  of  its  origin  in  the  ancient  monasteries.  It  is 
more  legible  than  the  regular  Church  Text,  and  therefore 
more  often  used,  both  for  church  work  and  in  the  province 
of  the  commercial  letterer.  In  dividing  the  plate  with  letter- 
ing lines,  the  bottom  line  of  the  lower-case  letters  is  3  inch 
above  the  lower  margin  line,  and  the  height  of  the  body  of 
the  lower-case  letters  is  I  inch;  the  stroke  of  the  long  letters 
extends  2  inch  above  and  below  the  line.  From  the  top  line 
of  the  body  of  the  lower-case  letters  to  the  bottom  line  of 
the  numerals  is  S  inch,  and  the  numerals  are  H  inch  in  height, 
with  a  space  i  inch  between  them  and  the  lowest  line  of 
capitals.  The  capital  letters  are  1  inch  high,  with  I  inch 
between  them,  and  the  title  is  i-b  inch  high;  the  lower  case 
of  the  title  is  A  inch  from  the  top  margin  line.  The  stroke 
of  the  letters  in  this  alphabet  is  iV  iticb,  and  the  fine  line  is 
1   stroke.     The   width   of    the    letters   average    closely  to 
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5  strokes,  though  Ihere  are  many  variations,  owing  to  the 
eccentricities  of  outline.  All  the  curved  strokes  of  a  letter 
are  i  stroke  wider  thau  the  straight  strokes.  In  the  capital 
letters  A,  G,  J,  P,  and  T,  and  in  the  lower-case  letters 
a.  h,  j.  y.  and  z,  there  is  a  fine  line  terminating  in  a  round 
ball  at  the  end  of  the  letter;  the  diameters  of  these  balls  being 
1  stroke  in  the  capital  letters,  and  somewhat  more  than 
1  stroke  in  the  smaller  letters. 

93.  In  the  letters  A.  E,  and  F.  where  a  middle  bar 
extends  entirely  through  the  width  of  the  letter,  this  bar  is 
i  stroke.  On  the  top  line,  the  letter  A  measures  6  strokes 
in  width  between  the  small  knobs,  which  are  equal  in  thick- 
ness to  the  fine  line.  This  horizontal  fine  line,  at  the  top  of 
the  letter,  extends  only  ij  strokes  to  the  right  of  the  vertical 
stroke,  and  the  curved  line  of  the  letter  rounds  out  from  the 
vertical  stroke  to  a  point  2  strokes  distance  at  the  horizontal 
bar.  terminating  in  a  ball  Ij  strokes  below  the  line.  The 
vertical  stroke  of  the  A  is  6  strokes  from  the  border  line. 
and  between  it  and  the  B  are  4  strokes.  The  vertical  stroke 
of  the  B  is  but  4  strokes  in  length,  and  the  fine  lines  curving 
from  the  center  of  the  letter  at  the  top  and  bottom  line  cut 
the  ends  of  the  stroke  in  a  slanting  direction,  projecting 
beyond  and  terminating  in  a  ball  i  stroke  in  diameter,  the 
center  of  which  is  1  stroke  to  the  left  of  the  letter.  The 
inside  space  of  the  B,  at  the  top,  is  2a  strokes,  the  bottom  is 
i  stroke  wider,  and  the  points  in  the  center  of  the  curved 
strokes  are  U  strokes  above  the  bottom,  and  below  the  top, 
lines.  Between  the  B  and  C  is  a  space  of  2  strokes,  and 
from  the  point  of  the  C  to  its  vertical  fine  line  is  Si  strokes. 
The  left  half  of  the  interior  of  the  C  is  a  semiellipse,  and 
the  curved  fine  lines,  top  and  bottom,  are  thicker  as  they 
approach  the  vertical  fine  line  and  become  nearly  tangent 
on  the  inside.  Between  the  fine  line  of  the  C  and  the  stroke 
of  the  D  is  a  space  of  3S  strokes,  and  the  latter  letter  is 
5i  strokes  wide  in  the  center.  The  left  half,  including  the 
stroke  and  its  termination,  is  precisely  the  same  as  the  left 
half  of  the  letter  B,  and  the  right  half  the  same  as  the  tetter 
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C  reversed.  The  general  outline  of  the  E  is  a  duplication 
of  the  C,  except  that  the  vertical  fine  line  extends  li  strokes 
above  and  below  the  letter,  and  terminates  in  small  knobs 
the  thickness  of  the  fine  line.  The  clear  space  between  the 
E  and  the  F  is  4  strokes,  and  the  vertical  full  stroke  of 
the  F  is  the  same  as  that  of  the  A  reversed.  The  diminish- 
ing stroke  on  the  right  of  the  F  can  be  readily  recognized 
as  an  exaggerated  spur,  the  origin  of  which  has  been  seen 
in  the  previous  alphabets.  The  inside  of  the  letter  is 
2a  strokes  wide  at  the  horizontal  fine  line,  which  horizontal 
line  is  2  strokes  below  the  top  of  the  letter.  The  width  of 
the  letter  on  the  top  line  is  6i  strokes,  and  the  finish  below 
the  bottom  line  is  1  stroke.  The  space  between  the  F  and  G. 
at  the  intermediate  horizontal  line,  is  2  strokes,  and  the 
left  half  of  the  G  is  constructed  in  the  same  manner  as  the 
left  half  of  the  C,  while  the  right  half  is  similar  to  the  lower 
half  of  the  B.  The  distance  from  the  lower  line  to  the  top 
of  the  inside  curve  is  3i  strokes,  and  the  greatest  width  of 
the  letter  from  point  to  point  is  6f  strokes, 


94.  Between  the  G  and  the  H  is  two  strokes,  the  vertical 
stroke  of  the  latter  being  the  same  as  that  of  the  F,  except 
as  to  its  right  finish  on  the  top  line.  The  curved  stroke  of 
the  H  makes  the  letter  5i  strokes  wide  and  carries  it  2  strokes 
below  the  bottom  line.  The  letter  1  is  3i  strokes  wide  on 
the  top  and  bottom  lines,  3  strokes  from  the  H  at  the  point 
of  the  curved  stroke  of  the  H,  and  2  strokes  from  the  J  on 
the  top  line.  The  letter  J  is  4j  strokes  wide  on  the  top  line, 
and  its  upper  horizontal  stroke  reaches  its  greatest  thickness 
li  strokes  from  the  left-hand  end.  The  left-hand  fine  line, 
which  is  nearly  vertical,  terminates  in  a  knob  3  strokes  below 
the  top  line.  The  ball  on  the  bottom  of  the  J  has  its  center 
on  the  bottom  line  and  its  left  side  directly  under  the  end 
of  the  top  horizontal  stroke.  The  letter  extends  ll  strokes 
below  the  line,  is  3i  strokes  wide  on  the  bottom  line,  and  its 
curved  stroke  at  the  intermediate  point  reaches  a  thickness 
of  \i  strokes.  3i  strokes  below  the  top  line.  The  vertical 
strokes  of  the  letters  K,  L,  N,  P,  and  R  are  formed  precisely 
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as  the  vertical  strokes  of  the  other  letters,  variations  being 
made  in  their  terminations,  but  those  variations  in  no  way 
differ  from  similar  ones  in  letters  on  the  top  line.  The  upper 
left-hand  finish  of  the  P  and  R  is  precisely  the  same  as  that 
of  the  B;  the  lower  horizontal  stroke  of  the  L  is  the  same  as 
the  upper  horizontal  stroke  of  the  J,  except  that  the  letter 
is  Si  strokes  long.  The  curved  stroke  of  the  N  is,  in  its 
lower  portion,  similar  to  that  of  the  H,  while  its  upper 
portion,  where  it  joins  Ihe  vertical  stroke,  is  more  like  the  D; 
the  width  of  the  letter  at  the  center  is  5i  strokes.  The 
curved  strokes  of  the  K  reach  a  point  on  the  top  and  bottom 
lines  that  makes  the  letter  G  strokes  wide.  The  irintersection 
and  juncture  with  the  vertical  stroke  takes  place  3  strokes 
above  the  bottom  line. 


96.  The  letter  M  is  8^  strokes  wide  at  the  center,  and 
about  3  stroke  less  at  the  .bottom  line.  Its  two  points  on 
the  top  line  are  about  3  strokes  apart,  and  its  right-  and  left- 
curved  strokes  are  similar  to  those  of  the  C,  except  that 
Ihe  enclosed  ellipse  is  narrower.  The  middle  stroke  divides 
1  stroke  below  the  top  line.  The  middle  stroke  of  the  letter 
I  center  is  1  stroke  wide,  and  Ihe  two  interior  ellipses 
1  2  strokes  wide-  The  letters  O  and  Q  are,  in  oul- 
{Ifl  duplication  of  the  left  portion  of  the  letter  C.  the  tail 
of  the  Q  being  added,  as  shown,  tangent  to  the  center  of  the 
letter  and  extending  lo  the  right  to  within  i  stroke  of  the 
outside.  These  letters  are  7  strokes  wide.  The  curved 
stroke  of  the  letter  P  projects  from  ihe  vertical  stroke  suf- 
ficient to  make  the  letter  5i  strokes  wide,  and  extends  below 
the  top  line  3  strokes.  The  upper  part  of  the  R  is  precisely 
similar,  except  that  the  ball  on  the  interior  is  only  the  thick- 
ness of  the  fine  line,  in  diameter,  instead  of  the  full  stroke, 
as  in  the  former  letter.  The  tail  of  the  R  is  nearly  a 
straight  line  on  its  inside,  with  only  enough  curvature  to 
prevent  its  becoming  straight;  this  stroke  is  li  strokes  wide, 
and  its  length  between  the  lower  ball,  1  stroke  below  the 
line,  and  the  ball  in  the  inside  of  the  curve  of  the  R  is  exactly 
7  strokes. 
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96.  The  lelter  S  is  almost  entirely  included  in  a  rectangle 
7  strokes  wide;  the  spur  at  the  right-hand  end  on  the  top  line 
extends  to  within  i  stroke  of  the  corner  of  the  rectangle, 
while  the  spur  on  the  opposite  end  of  the  letter  on  the  lower 
left-hand  corner  extends  the  full  width  of  the  rectangle.  The. 
point  on  the  heavy  curved  stroke  touches  the  right  side  of 
the  rectangle  1 J  strokes  above  the  line,  while  the  point  on  the 
left  side  of  the  rectangle  comes  within  i  stroke  of  the  side, 
and  is  also  1 J  strokes  below  the  line.  The  letter  T  is  similar 
to  the  letter  G,  except  that  both  of  its  curved  strokes  are  of 
smaller  dimensions.  The  lop  of  the  intermediate  fine  line, 
as  it  curls  into  the  letter,  is  3  strokes  above  the  lower  line. 
The  horizontal  stroke  at  the  top  of  the  letter  is  5|  strokes, 
and  at  its  greatest  thickness  is  1  stroke  wide.  The  inter- 
section of  the  fine  line  of  the  body  of  the  lelter,  with  the 
crossing  stroke  at  the  top,  is  at  the  center  of  the  letter.  The 
letter  U  consists  of  a  combination  of  the  vertical  stroke  of 
the  A  and  the  curved  stroke  of  the  C,  and  is  6  strokes  wide. 
The  letter  V  is  7  strokes  wide  on  the  top  line.  The  right 
slanting  line  of  the  V  diminishes  in  width  from  a  full  stroke 
at  the  top  to  about  J  stroke  at  the  bottom,  where  it  joins  the 
left  slanting  stroke.  The  W  is  8  strokes  wide  on  the  top 
line  and  the  right  portion  is  the  same  as  the  letter  U,  which 
is  5i  strokes  in  width,  to  which  is  added  a  ere  scent- shaped 
curve  and  intersecting  fine  lines,  this  bringing  the  entire 
width  of  the  letter  up  to  8  strokes.  The  letter  X  is  7j  strokes 
wide,  and  the  intersection  of  its  curved  strokes  with  the 
slanting  stroke  is  just  above  the  center  of  the  letter.  The 
letter  Y  is  7  strokes  wide  at  the  top  line,  and  consists  in  a 
combination  of  the  left  stroke  of  the  V  and  the  right  stroke 
of  the  N.  The  top  and  bottom  strokes  of  the  Z  are  similar 
to  the  bottom  stroke  of  the  L.  The  letter  is  5i  strokes  wide. 
The  spur  on  the  bottom  of  the  vertical  stroke  is  3  strokes 
long,  while  that  on  the  top  is  2i  strokes  long. 


97.  In  the  numerals,  the  strokes  are  but  i  inch  in  thick- 
ness, in  the  straight  characters,  but  extend  to  twice  this 
thickness  in  the  widest  part  of  the  curves.     The  lop  comers 
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of  the  3,  4,  5,  and  7  extend  slightly  above  the  line,  as  do  also 
the  lower  comers  of  the  2  and  7,  as  well  as  the  spur  on  the 
end  of  the  1  and  4.  The  curves  forming  the  sides  of  the  3, 
6,  6,  9,  and  0  are  similar  to  the  curves  forming  component 
parts  of  the  capital  letters.  The  bottom  stroke  of  the  2,  the 
upper  stroke  of  the  3,  the  left  stroke  of  the  4,  and  tops  of  the 
6  and  7  are  each  a  semicyma.  The  horizontal  fine  line  of 
the  4  entends  4  strokes  to  the  left  and  ll  strokes  to  the  right 
of  the  vertical  stroke,  the  width  of  the  stroke  of  the  numerals 
being  used  for  measurement.  The  intermediate  stroke  of 
the  5  is  4  strokes  above  the  bottom  line;  of  the  6,  4^  strokes 
above  the  bottom  line;  of  the  8,  3a  strokes  above  the  bottom 
line;  while  tlie  9  is  2J  strokes  above  the  bottom  line. 

The  stroke  of  the  lower-case  letters  is  iP-j  inch  wide.  The 
width  of  all  letters,  except  the  w  and  m  and  the  single-stroke 
letters,  is  4i  strokes.  The  spurs  forming  the  terminations 
of  the  strokes,  at  the  top  and  bottom  of  the  letters,  are  car- 
ried from  the  center  of  the  stroke  on  the  top  and  bottom 
lines,  either  way,  to  a  point  about  i  stroke  from  the  line  and 
i  stroke  from  the  vertical  stroke,  and  are  given  a  slight 
curve  to  these  points.  The  student  should  be  "able  to  design 
the  other  details  of  this  lower-case  alphabet  from  the  gen- 
eral proportions  of  the  original  plate,  being  careful,  if  neces- 
sary, to  measure  each  detail  in  the  original,  and  proportion 
its  length  or  thickness  according  to  the  stroke  of  the  letter. 

After  executing  the  work  on  this  plate  in  pencil,  ink  it  in, 
using  the  T  square  and  triangle  on  the  straight  lines  of  the 
letters  desired,  and  outlining  all  the  curves  and  forming  all 
the  points  on  the  curves  of  the  strokes  freehand,  excepting  the 
circles  on  the  concave  sides  of  the  stroke  of  the  capitals  and 
numerals,  which  may  be  drawn  with  a  compass  if  desired.  The 
diameter  of  these  little  circles  on  the  capital  letters  is  I  inch, 
and  on  the  numerals  three-fourths  that  of  the  capitals.  The 
balls  on  the  h,  j,  y,  and  z  of  the  lower-case  letters  are  two 
itrokes  in  diameter.  The  ball  on  the  lower-case  a  is  but  1  stroke 
in  diameter.  After  the  plate  is  inked  in  and  the  titles  put  in 
place,  insert  thedate  in  the  lower  left-hand  corner,  and.the  name 
and  class  letters  and  number  in  the  lower  right-band  comer. 
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98.  The  term  script,  in  its  broadest  and  earliest  applica- 
tion, included  all  styles  of  writing  and  priming,  but  custom 
has  reduced  the  application  of  the  term  simply  to  that  form 
of  writing  executed  with  the  pen,  which  was  formerly  called 
pefi  iexl  or  text  hmid.  The  reduction  to  its  present  classifi- 
cation was  caused  more  by  the  classifying  of  the  other  styles 
and  leaving  the  term  script  to  the  pen  text,  rather  than  set- 
ting aside  the  pen  text  under  the  name  of  script,  as  was  done 
with  certain  forms  of  early  alphabets,  such  as  the  Medieval 
and  Church  Text.  The  earliest  form  of  pen  text  was  very 
simple  in  its  construction,  but  it  gradually  grew  complicated 
with  the  desire  for  elaborate  lettering. 

About  the  middle  of  the  19th  century,  the  form  of  alpha- 
bet shown  on  this  plate  was  originated  by  Spencer,  and  gave 
to  the  world  an  entirely  new  and  artistic  form  of  text  hand. 
This  is  the  form  that  is  used  almost  esclusively  by  the  let- 
terer  and  sign  painter,  and  for  all  practical  purposes  where  a 
shaded  letter  and  accurate  form  is  desired.  In  drawing  this 
plale,  as  before,  outline  all  letters  in  pencil,  forming  the 
strokes  of  the  capitals  and  small  letters  of  two  individual 
lines,  and  so  inking  them  with  a  pen,  but  blacking  them  in 
afterwards  with  a  No.  8  red-sable  brush.  In  inking  the  lines. 
attention  must  be  given  not  only  to  the  formation  of  the  curved 
'  fine  lines  and  strokes,  but  also  to  the  location  and  finish  of 
these  Curves.  When  the  letters  are  inked,  it  is  of  more  impor- 
tance to  secure  the  proper  position  for  each  line  than  to  be  able 
to  form  the  curves  with  evenness  and  perfection.  Bear  in 
mind  that  in  executing  this  plate  the  letters  are  not  to  be 
written;  it  is  not  expected  that  any  one  of  the  strokes  or 
curves  made  with  a  clean,  even  sweep  of  the  hand  will  be 
perfect,  but,  on  the  contrary,  every  detail  of  every  letter  must 
be  carefully  located  and  drawn,  in  order  that  the  finished  char- 
acter may  be  a  reproduction  of  the  one  on  the  lettering  plate. 

99.  In  dividing  the  plate,  make  the  bottom  line  of  the 
figures  i  inch  above  the   lower  border  line.    Draw  lines 
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limiting  the  top  of  the  figures  i  inch  above  the  lower  one; 
leave  a  space  of  t  inch  between  the  top  of  the  figures  and  the 
bottom  of  the  lower-case  letters,  and  draw  the  lower-case 
letters  tV  inch  high.  The  loops  of  the  lower-case  letters, 
such  as  the  g  or  h,  extend  f  inch  below  and  H  inch  above 
the  lettering  lines.  Between  the  top  of  the  long  letters  and 
the  bottom  of  the  capitals  leave  i  inch.  Capital  letters  are 
1  inch  high — the  spaces  between  them,  J  inch.  The  capitals 
of  the  titles  are  S  inch  high,  and  i  inch  above  the  top  line 
of  letters.     The  small  letters  are  ^s  inch  high. 

100.  In  executing  this  plate,  it  will  be  practically 
impossible  to  give  any  idea  of  the  exact  location  of  each 
letter.    Judgment  of  the  eye  in  comparison  with  the  lettering 

plate  and  close  attention  to  the 
details  of  the  copy  are  the  only 
guides  that  can  be  depended  on  for 
the  completion  of  the  details.  Bear 
in  mind  that  the  slant,  or  inclina- 
tion, of  the  letters  is  always  35°, 
and  in  such  strokes  as  those  of  the 
lower-case  letters  this  angle  can  be 
easily  kept;  but  the  stroke  that 
governs  the  capitals  cannot  be  so 
easily  determined.  In  Fig,  4  is 
shown  a  main  stroke,  such  as  forms  the  body  of  the  let- 
ters F,  L,  N,  etc.,  and.  its  relative  position  to  the  35*  inclina- 
tion line  of  the  letter.  The  Hne  of  the  angle  is  tangent  to 
the  stroke  at  the  point  where  the  shading  begins,  and  passes 
through  the  shaded  stroke  on  the  bottom  line.  The  diver- 
gence of  the  stroke  from  the  line  of  inclination  of  the  letter 
is  the  same  in  its  upper  and  lower  portions. 

101,  The  drawing  of  these  letters  by  means  of  inclined- 
angle  lines  will  be  found  absolutely  necessary  at  first  in 
order  to  secure  satisfactory  results,  but  as  the  eye  becomes 
trained  this  angle  can  be  readily  judged  with  great  accuracy 
and  the  work  executed  entirely  freehand.  The  stroke  of  the 
lower-case  letters  is  tV  inch,  and  that  of  the  capitals  A  inch. 
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The  shaded  stroke  of  the  capitals  should,  in  such  letters  as 
have  the  stroke  shown  in  the  A  and  L,  be  below  the  center 
of  the  letter,  the  maximum  width  of  the  stroke  being  at  a 
point  1  stroke  above  the  bottom  line.  While  it  is  necessary 
to  avoid  the  shading  of  all  fine  lines,  there  are  cases,  as  in 
the  letter  E.  where  two  shades  are  necessary  in  order  to 
balance  the  letter  and  give  it  a  more  graceful  appearance; 
but  the  shaded  portion  of  a  letter  always  represents  the 
downward  stroke  of  a  pen  or  brush,  and  the  shading  of  any 
of  the  upward  fine  lines  would  be  in  opposition  to  the 
characteristic  formation  of  the  letters. 
Every  stroke  of  these  letters  is  based  on 
a  combination  of  the  crescent  and  cyma. 
In  the  lower-case  letters,  the  maximum  | 
thickness  of  the  stroke  of  a,  d.  g,  o, 
and  q  is  above  the  center  of  the  letter. 
In  some  alphabets,  the  tops  of  the  letters  formed  similar 
to  the  a  have  their  fine  lines  carried  above  the  top  line,  as 
shown  in  Fig.  5,  in  which  case  the  maximum  width  of  the 
crescent  stroke  is  above  the  center  of  the  letter,  and  the 
general  effect  of  the  letter  is  oval.  The  points  at  the  top 
of  the  r  and  s,  and  also  the  upper  part  of  the  loop  of  the  k, 
extend  above  the  top  line.  In  executing  the  lower-case 
letters  of  the  script  in  sign  writing,  one  of  the  most  difficult 
details  is  the  joining  of  the  fine  lines  and  strokes  in  such 
letters  as  a,  □,  u.  etc. 


\a^ 


Pio.  B 


102.  In  Fig.  6,  the  stroke  of  the  letter  is  shown  to  be 
practically  a  straight  line  until 
it  nears  the  top  or  bottom  lines 
at  the  left  or  right,  as  shovm 
at  a, a,  when  it  commences  to 
curve  and  at  the  same  time  to 
diminish  to  a  fine  line,  which 
finishes  the  top  or  bottom  of 
d  its  accompanying  tine  lines,  will 
be  found  to  exist  in  the  letters  a,  d,  etc.  In  Fig.  6,  the  left 
stroke  is  practically  the  reverse  of  the  letter  i,  while  the  wide 


the  stroke.     This  stroke  a 
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stroke  is  the  other  characteristic  stroke  that  extends  through 
the  entire  lower  case.  The  dotted  line  through  the  center  of 
the  letter  shows  that  the  top  and  bottom  of  the  stroke  are 
duplicates  one  of  the  other,  and  that  the  fine  line,  where  it 
curves  to  join  the  vertical  stroke,  joins  it  in  exactly  the  cen- 
ter of  the  letter.  Comparison  of  this  detail  with  the  letters 
h,  n),  n,  etc.  will  show  its  application  to  the  lower-case  alpha- 
bet. The  fine  line  should  never  intersect  a  stroke  at  a  point 
above  or  below  the  center  of  the  letter. 

103.  The  two  forms  of  strokes  used  in  some  of  the  cap- 
ital letters  are  shown  in  the  letters  A  and  B.  There  are  no 
rules  governing  which  of  these  forms  shall  be  used  in  the 
letters  P,  B,  and  K.  under  different  conditions,  this  being  left 
entirely  to  the  taste  of  the  letterer.  The  A  stroke  is  used 
in  P  on  this  plate.  The  stroke  shown  in  the  letter  A  takes 
up  a  trifle  less  room  than  the  one  used  in  the  B,  and  on  that 
account  is  sometimes  to  be  preferred. 

104.  Another  variation  of  the  capital  letters,  practiced 
by  many  expert  letterers,  is  shown  in  Fig.  7,  wherein  the 

lower  part  of  the  C  is 
carried  below  the  line 
and  the  first  lower-case 
letter  of  the  word  is  in- 
serted somewhat  within 
'  the  letter.  This  treat- 
ment is  applicable  to  the 
leltersC.E.K,L,andR, 
and  may  be  used  in 
some  places  where  the 
space  is  limited  and  the 

■  writing  must  be  condensed,  or  to  give  an  inscription  a  more 

I  graceful  and  freehand  appearance. 

105.  Particular  attention  must  be  paid  to  the  spacing  of 
the  inclined  lines  in  the  lower  case.  As  said  before,  the 
proportions  of  strokes  cannot  well  be  given,  but  the  horizon- 
tal width  of  most  of  the  letters  on  a  line  through  their 
centers  will   make  them  equal  in   this  dimension  to   their 
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height,  with  the  exceptions  of  the  letters  pointed  out  in 
other  alphabets.  Careful  observations  of  this,  and  the 
inclination  of  the  letter  at  an  angle  of  35°,  causes  little 
trouble  in  the  finishing  of  work.  A  simple  method  of  laying 
off  the  letters  at  the  required  angle  is  to  make  a  small  triangle 
of  cardboard,  one  angle  of  which  shall  be  35°;  this  may  be 
(lone  by  taking  a  square  card,  and  from  one  of  its  corners 
measuring  ofiE  a  distance  of  4  inches;  at  right  angles  to  this, 
measure  off  a  distance  of  2'  inches,  and  join  the  points  so 
sought  with  a  line  on  which  the  cardboard  may  afterwards  be 
cut.  The  two  angles  opposite  the  long  and  short  sides 
adjacent  to  the  right  angle  will  then  measure  55°  and  35'*, 
respectively.  After  drawing  the  plate  and  inking  it  in,  as 
described,  insert  the  title  in  its  proper  place,  place  the  date 
ID  the  lower  left-hand  comer,  and  the  name  and  class  letters 
and'  number  in  the  lower  right-hand  corner. 


PtATE,  TITLE!  ITALIC  SCRIPT 
106,  The  ItRlle  Sci'lpt  may  be  generally  characterized 
as  a  Roman  letter,  the  strokes  of  which  incline  to  the  right  at 
an  angle  of  30°,  or  occasionally  to  the  left  at  an  angle  of  20". 
It  is  a  letter  that,  after  practice,  can  be  executed  with  gfcat 
rapidity,  and  is  of  great  value  to  both  the  plain  letterer  and 
the  draftsman.  The  capital  letters  are  almost  identical  with 
the  New  York  Roman,  excepting  as  to  the  finishing  of  the 
spur  on  the  fine  lines  of  the  A,  K,  and  V,  and  occasionally  as 
to  the  letters  M.  N,  W,  and  Y,  when  these  are  finished  in  the 
same  manner.  The  tail  of  the  R  is  sometimes  dropped  one- 
third  of  its  length  below  the  line,  but  in  all  other  respects  the 
rules  governing  the  proportioning  of  the  New  York  Roman 
letters  will  apply  to  ihese  capitals.  In  drawing  this. plate, 
draw  the  line  for  the  top  of  the  numerals  H  inch  above  the 
lower  border  line  and  make  the  numerals  H  inch  high.  The 
lower-case  letters  are  -'t  inch  high  in  the  body  of  the  letter 
and  the  first  row  of  letters  is  i**  inch  above  the  top  line,  of 
the  numerals.  The  five  last  letters  of  the  alphabet  are  even 
with  the  top  line  that  limits  the  height  of  the  numerals. 
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107.  The  long  letters  of  the  lower  case  extends  i  inch 
above  and  below  the  bodies  of  the  letters,  and  the  space  from 
the  top  of  the  long  letters  and  the  first  line  of  capitals  above 
ihem  is  T^  inch.  The  capitals  are  1  inch  high  and  J  inch 
between  each  line.  The  long  letters  and  capitals  of  the  title 
are  A  inch  high  and  -fa  inch  above  the  top  line  of  letters. 
The  proportion  of  the  capitals  and  lower-case  letters  in  the 
title  is  the  same  as  those  in  the  body  of  the  plate.  Draw  the 
capita!  letters,  as  shown  on  this  plate,  spacing  them  by  the 
judgment  of  the  eye  and  proportioning  them  according  to 
the  rules  laid  down  in  the  plate  for  New  York  Roman  letters. 
The  lower-case  letters  have  a  ii*j-inch  stroke  and  average 
about  5  strokes  in  width,  with  the  variation  heretofore 
pointed  out  in  other  alphabets. 

The  tops  of  all  the  long  let- 
ters are  finished  with  a  fine  line 
and  curved,  as  are  also  the  lops 
of  such  small  letters  as  i,  m. 
and  n.  The  letter  f  Is  reduced 
to  a  fine  line  and  finished  with 
a  ball  similar  to  the  top  of  the 
letter  c.  the  tine  line  appearing  | 
above  the  ball  again  as  though 
a  continuation  of  its  outline. 
The  bottom  of  the  letter  has  at 
small  ball  similar  to  the  bottom  c 
letters  ff  occur  in  the  middle  of  the  word,  the  first  reaches  only 
to  the  bottom  line  of  the  regular  letters  and  is  given  a  slight 
curve  and  cut-off  at  the  bottom,  in  the  same  manner  as  the 
letter  p  in  this  alphabet.  The  second  letter  f  is  then  drawn 
as  the  one  on  the  plate,  its  curved  lower  portion  extending 
under  the  first  one  and  the  cross-line,  or  horizontal  fine  line. 
made  continuous  with  the  two  letters,  as  shown  in  Fig.  8. 
The  letters  j  and  y  are  finished  with  a  loop  below  the  line,  as 
in  the  ordinary  script,  the  size  of  the  loops  varying  slightly, 
according  to  the  letter  adjacent  to  them.  The  p  and  q  are 
carried  below  the  line  with  a  full  width  of  stroke,  which  is 
finished  horizontally,  though  on  the  q  the  fine  line  is  returned 


1  oval  form,  finishing  with  a 
of  the  letter  g.     Where  the 
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to  the  lettering  line  to  distinguish  it  from  the  g.  Either  of 
the  two  forms  of  s  and  z  shown  in  tliis  plate  is  admissible  in 
ordinary  Italic  lettering.  The  first  form  of  the  letter  s  is  the 
one  usually  made  where  there  is  much  lettering  to  be  done, 
as  its  form  is  simpler  and  it  can  be  made  quicker.  The  same 
rule  applies  to  the  second  form  of  the  letter  z.  Where  two  s's 
occur  at  the  end  of  a  word,  the  first  form  is  used  and  the  first 
letter  made  a  trifle  smaller,  its  top  reaching  only  to. the  top 
line  of  letters.  The  second,  however,  reaches  above  the  line, 
as  is  shown  on  the  plate. 

108.  The  numerals  in  this  style  of  letter  are  precisely 
the  same  as  those  in  the  New  York  Roman,  their  width 
being  equal  to  their  height.  Should  it  be  desired  to  lay  out 
these  letters  by  means  of  guide  lines  other  than  those  for 
the  tops  of  the  letters,  proportion  them  in  the  same  manner 
as  the  letters  of  the  New  York  Roman  plate,  drawing  such 
horizontal  lines  through  the  letters  as  may  be  necessary  to 
locate  their  essential  characteristics,  and  spacing  what  would 
be  the  vertical  lines  in  the  New  York  strokes  at  an  angle  of 
30°  from  the  perpendicular  for  this  plate.  After  drawing 
the  letters,  figures,  and  title,  the  student  will  black  them  in. 
as  shown,  inserting  the  date  in  the  lower  left-hand  comer, 
and  the  name  and  class  letters  and  number  in  the  lower 
right-hand  corner.  

PIiATE,  TITLE:    RENAISSANCE 

109.  Renaissance  letters  are  of  a  great  variety,  the 
genuine  characteristic  of  most  of  them  being  a  lack  of  purity 
of  style.  The  period  of  the  invention  of  their  design  was 
about  the  middle  of  the  15ih  century,  when  great  advance- 
ment was  made  in  all  art  and  architectural  forms,  and  the 
discovery  of  ancient  manuscripts  and  illuminated  letters, 
embellished  with  classical  ornaments,  caused  a  divergence  in 
the  customs  and  styles  in  practice  up  to  that  time.  In  the 
capital  letters  of  this  plate  are  shown  the  style  of  Renaissance 
alphabet  prevailing  in  Germany  and  its  dependencies;  it  is 
known  as  the  German  Renaissance.  The  origin  of  the  let- 
ter will  be  found  in  Italian  writings,  the  Germans  at  this 
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time  occupying  Northern  Italy.  The  simplest  style  next  to 
it  is  what  is  known  as  the  French  Renaissance,  being  more 
sober  in  its  construction  and  less  likely  to  be  confusing  in 
■forming  an  essential  part  of  an  inscription.  A  peculiarity  of 
the  letter,  in  its  German  form,  is  the  shape  of  a  stroke 
strongly  resembling  the  cyma,  observable  in  many  of  the 
letters,  but  more  particularly  in  the  F,  K.  M,  N,  S,  U,  and  X. 
This  stroke  was  also  adopted  by  the  French  when  they 
modified  their  alphabet  according  to  the  German  style.  This 
stroke  had  its  origin  in  the  shape  of  a  cutlas  that  was  used 
by  the  Germans  at  about  the  middle,  or  close,  of  the 
loth  century.  It  is  most  conspicuous  in  the  French  Renais- 
sance in  the  top  strokes  of  E,  F,  and  H,  although  both  the 
strokes  of  the  O  and  the  right  fine  line  and  the  finish  of  the 
W  and  Y,  as  well  as  the  crossing  of  the  T,  and  details  of 
other  letters,  show  the  influence  of  this  characteristic.  The 
other  style  of  alphabet,  as  shown  in  this  plate,  is  the  modern 
adaptation  of  the  German  style  or  modem  Renaissance,  and 
is  generally  known  among  painters  and  in  the  printing  trades 
as  the  Bradley  text.  The  stroke  is  much  heavier  than  in 
either  of  the  former  styles,  and  it  is  generally  governed  by 
rules  derived  from  other  alphabets,  which  did  not  influence 
either  the  French  or  German  styles. 

110.  Many  details  show  the  influence  of  the  Gothic 
alphabet,  such  as  the  tails  of  the  R  and  K,  while  the  T 
follows  closely  on  the  structural  lines  of  the  Old  English  or 
German  text;  however,  this  alphabet  for  modern  use  is  much 
belter  suited  to  all  styles  of  plain  lettering  than  either  of 
the  former,  but  for  elaborate  initial  letters  or  illuminated 
manuscript,  the  style  of  capitals  used  in  the  German  or 
French  text,  with  an  elaborate  fine-line  background  used 
with  the  former,  makes  a  highly  artistic  design.  In  the 
lower-case  letters,  only  two  alphabets  are  represented  —  the 
German  and  the  Bradley  text.  Tiie  German  a  is  readily  seen 
to  be  composed  of  two  of  the  cuilas-shaped  strokes  and  a 
small  cyma,  while  the  a  of  the  Bradley  text  combines  the 
vertical  curved  stroke  of  the  Egyptian  letter  with  the  cutlas 
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stroke  of  Ihe  German.  These  points  may  be  studied  through- 
out the  alphabet,  and  are  too  evident  to  require  individual 
explanation.  The  letters  of  the  Bradley  text  in  the  lower 
case,  are  as  follows:  2-4-5-7-9-10-12-13-16-17-19-21-22- 
24-26-27-29-30-32-33-35-37-38.  The  three  letters  omitted 
are  the  i  aud  j,  which  are  made  heavier  than  the  German 
and  dotted  with  a  ball  instead  of  a  cyma,  and  the  w,  which  is 
but  two  v's  joined  together.  In  drawing  this  plate,  locate  the 
bottom  line  of  the  lower-case  letters  i  inch  from  the  margin 
line,  the  lower-case  letters  being  t*^  inch  high.  The  long 
strokes  of  the  letters  reach  5  inch  above  or  below  the  line, 
and  their  stroke  in  both  alphabets  is  aV  inch.  From  the  body 
of  the  lower-case  Inciters  to  the  bottom  line  of  the  last  row  of 
capitals  is  a  space  of  k  inch,  the  French  and  Bradley  text  capi- 
tals beiDg  t  inch  high.  The  German  letters  are  1  inch  high, 
exclusive  of  line  work,  with  a  space  of  I  inch  between  each 
line  of  letters. 

111.  The  ornamental  work  behind  the  German  letters  is 
not  an  essential  part  of  the  letter,  but  is  shown  here  simply 
as  a  background  that  is  usually  applied  when  the  lettering  is 
used,  in  order  to  set  it  off  and  make  it  appear  more  rational. 
The  lines  of  this  background  work  radiate,  in  most  cases, 
from  the  same  central  point,  following  very  closely  the 
stroke  of  the  letter  that  is  nearest  them  and  spreadiiig  off 
outside  of  the  letter  a  comparatively  uniform  distance  from 
it,  but  preserving  the  identity  of  its  general  shape.  In  design- 
ing this  plate,  work  almost  entirely  from  observation  of  the 
details  of  the  original  letter.  It  is  impossible  to  give  any 
direct  information  toward  the  comparative  heights  or  different 
■  details,  or  the  amount  of  projection  of  each  letter  above  or 
below  the  line.  la  following  the  design  of  this  plate,  use  your 
ingenuity,  measuring  such  details  of  the  original  with  the 
compasses,  and  transferring  their  proportions  to  your  plate, 
as  you  may  consider  necessary  and  would  be  compelled  to  do 
were  you  designing  an  inscription  in  this  style  of  letter. 
Experience,  by  this  time,  with  previous  plates,  should  enable 
you   to   handle   the  pencil,   pen,   and   brush  with  sufficient 
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dexterity  to  execute  all  that  is  required  without  further  pre- 
liminary instruction.  The  date  should  be  inserted  in  the 
lower  left-hand  corner  as  usual,  and  the  name  and  class  let- 
ters and  number  in  their  proper  places.  ^^| 


PLATE,     TITI-E:     SHIPPERS'     BOX    MAUKING 

112.  The  letter  entitled  Shippers'  Box  Markiue  is 
used  largely  by  shipping  clerks  for  marking  packages  and 
boxes,  and  is  executed  almost  entirely  with  a  brush.  Occa- 
sionally, for  some  purposes,  the  same  letter  is  used  on  draw- 
ings or  price  tickets,  where  a  similar  letter  is  desi«riied  with 
a  pen.  The  stroke  of  the  letter  is  the  natural  swell  made 
by  the  drawing  of  the  brush  as  it  is  pressed  down  on  the 
marked  surface,  charged  with  the  marking  fluid. 

113.  Two  styles  of  brush  are  used  for  the  marking  of 
boxes.  One,  a  soft  camel's-hair  brush  with  short  hair,  for 
marking  the  planed  wood  and  smooth  surfaces,  while  for 
rough  wood  and  other  irregular  surfaces,  a  long-hair  bristle 

I  brush  is  used.  These  brushes,  when  not  in  use,  are  usually 
allowed  to  stand  in  the  marking  pot.  but  in  such  a  manner 
as  not  to  rest  on  their  points-  In  executing  this  plate,  make 
the  lower-case  letters  S  inch  high,  and  tV  inch  above  the 
lower  margin  line,  leaving  a  space  of  Ii^  inches  between 
the  tops  of  the  lower-case  letters  and  ihe  under  side  of 
the  numerals  and  last  letters  of  the  alphabet.  Draw  the 
numerals  i  inch  high,  and  the  capital  letters  li  inches  high. 
r  The  space  between  the  lines  of  capital  letters  is  i  inch.  The 
I  capitals  of  Ihe  title  are  a  inch  high,  the  small  letters  i^«  inch, 
ind  are  h  inch  above  the  top  line  of  letters.  Although  there 
is  no  specific  proportion  for  the  width  of  these  letters,  the 
capitals  average  about  1  inch  in  width,  and  the  lower-case 
letters  about  i  inch. 

114.  The  majority  of  the  letters  of  the  alphabet  have 
for  the  right  side  of  the  stroke  a  straight  line,  the  exceptions 
being  in  the  J,  where  the  straight  line  is  on  the  left  of  the 
stroke,   and  in   the  M,  N,  V,  and  W,  where  both  sides  of 
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the  stroke  are  curves,  la  the  S,  the  stroke  is  a  compound 
curve  on  both  sides,  and  in  the  Z,  a  straight  bar,  as  in  the 
Roman.  In  drawing  these  letters  with  the  brush,  the  stroke 
la  almost  invariably  drawn  first,  inclining  at  an  angle  of 
about  30°.  The  fine  lines  are  ihen  put  in  place  with  the 
point  of  the  brush,  and  afterwards  the  spurs  on  such  letters 
as  they  are  required.  The  line  drawn  for  the  top  of  these 
letters  is  put  there  as  a  guide  to  determine  their  relative 
height,  and  seldom  forms  an  essential  outline  for  the  letter,  as 
the  experienced  letterer  never  has  lines  to  govern  the  heights 
of  his  letters  and  must  mark  each  by  eye  measurement  and 
comparison  with  the  previous  one.  On  this  account,  many 
eccentricities  are  permissible  in  this  style  of  letter.  The 
carrying  of  the  stroke  of  the  G  and  the  tail  of  the  R  below 
the  line  is  a  characteristic  feature  peculiar  to  this  style, 
adding  to  its  graceful  and  freehand  effect.  The  heaviest 
part  of  the  stroke  of  the  letters  is  about  A  inch,  though  the 
middle  stroke  of  the  M.  the  left  stroke  of  the  V,  and  the 
straight  stroke  of  the  Z,  are  each  but  i  inch.  The  tops  of 
the  letters  are  in  but  few  cases  finished  with  a  straight  fine 
line,  as  the  compound  curve  used  in  its  place  tends  more  to 
give  an  appearance  of  uniformity,  and  at  the  same  time 
hides  any  errors  in  the  alinement.  The  spurs  on  such  letters 
as  E,  F.  L,  etc.  are  curved  on  the  inside,  within  the  letter, 
opposite  to  the  angle  at  which  the  curve  exists  in  the  regu- 
lar Roman  letter.  The  peculiar  shape  of  the  spurs  on  the 
end  of  the  middle  fine  line  of  the  E  and  F  is  due  to  the 
fact  that  they  are  made  with  one  stroke  of  the  bnjsh. 
The  stroke  of  the  letter  S  is  peculiar  to  itself,  being  a 
compound  curve  made  with  one  stroke  of  the  brush  and  the 
first  stroke  of  the  letter  made,  the  fine  lines  being  after- 
wards applied  to  its  top  and  bottom,  each  in  a  separate 
stroke.  The  heavy  stroke  of  the  letters  O  and  Q  is  on  the 
left  side,  and  though  the  right  side  is  heavier  than  the  fine 
line,  it  is  usually  made  about  half  as  heavy  as  the  stroke. 
In  making  the  letter  A,  the  shaded  fine  line  is  made  in  the 
same  manner  as  the  first  line  of  the  M  and  N.  somewhi 
resembling  the  J. 
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115.  The  long  strokes  of  the  lower-case  letters,  as  they 
extend  above  the  line,  are  given  a  slight  curve  to  the  left  and 
finished  with  a  short  horizontal  fine  line.  The  bottom  of 
the  letters,  however,  is  never  finished  with  this  fine  line,  in 
most  cases  being  finished  below  the  line  with  a  scroll  and 
ball,  that  of  the  j  being  somewhat  similar  to  the  lower  part 
of  the  capital  J.  and  the  p  and  q  finished  plain,  or  with  a  fine- 
line  flourish,  as  shown.  When  f  f  occurs  in  the  middle  of  a 
word,  the  first  letter  reaches  only  to  the  lower  line,  and  the 
other  one  is  carried  down  to  finish  with  a  scroll  and  ball.  A 
fine  cross-line  engages  both  letters. 

At  the  end  of  a  word,  the  letter  d,  shown  on  the  plate 
with  a  looped  finish  above  the  line,  is  sometimes  used,  and 
although  the  first  d  is  often  used  in  a  similar  position,  the 
second  one  is  never  used  tn  the  middle  of  a  word.  The  let- 
ter t  may  be  crossed  with  a  straight  line,  or  with  a  compound 
curve  as  in  the  copy.  Do  not  execute  these  letlers  on  the 
plate  with  a  brush,  though  it  is  not  likely  that  occasion  will 
ever  arise  in  practical  work  where  you  will  be  called  on  to 
execute  them  as  large  as  this  with  a  pen,  but,  in  reproducing 
this  plate,  draw  the  letlers  in  outline  with  a  pen,  as  in  previous 
cases,  blacken  them  in  with  a  brush,  and  send  the  plate  in 
for  correction.  The  object  of  this  is  to  insure  familiarity 
with  the  forms  of  the  letters  of  this  alphabet,  so  that  in  any 
subsequent  practice  you  may  not  be  handicapped  in  the 
endeavor  to  form  a  style  of  letter  that  is  not  well  adapted  to 
the  use  of  the  marking  brush. 

After  completing  the  plate,  insert  the  title,  as  shown,  put  the 
dale  in  the  lower  left-hand  corner  and  name  and  class  letters 
and  number  in  the  lower  right-hand  corner,  as  heretofore. 


PLATE,  TITLE:  OLD  ENGLISH 
116.  This  lettering  plate,  the  modem  form  of  the  Old 
English  letter,  is  far  different  from  the  alphabet  bearing 
Ihis  name  in  its  original  use.  The  stroke  is  considerably 
heavier  than  the  Church  Text  in  proportion  to  the  height 
of  the  letter,  but  varies  in  diSerent  letters  to  such  an  extent 
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that  it  is  almost  impossible  to  give  definite  proportions  of 
the  letter  in  terms  of  its  stroke.  The  present  form  of  the 
letter  adheres  more  closely  in  outline  to  the  letter  characters 
we  are  in  the  habit  of  seeing  in  our  every-day  reading  matter, 
and  therefore  it  is  much  more  legible  than  the  antique  style. 
In  Fig.  9  are  shown  two  letters,  I 
and  S,  partaking  of  the  character- 
istics of  the  original  Old  English 
style.  The  comparison  of  these 
styles  with  the  I  and  S  in  the  draw- 
ing plate  will  show  scarcely  sufE- 
cient  resemblance  to  identify  the 
characters  shown  in  the  figure  as  ^"^■* 

being  the  parent  letters  of  this  style.  The  principal  appli- 
cation of  the  Old  English  letter  is  in  ecclesiastical  decorating 
and  engrossing.  Occasionally,  the  letter  is  used  singly,  as 
in  an  initial  letter,  or  forms  the  principle  of  an  illuminated 
capita],  as  often  seen  in  ecclesiastical  literature. 


117.  To  draw  this  plate,  make  the  line  governing  the 
lower  part  of  the  body  of  the  lower-case  letters  A  inch 
above  the  lower  border  line;  the  lower-case  letters  are 
fi  inch  high,  with  a  space  of  iV  inch  between  them.  The 
strokes  of  the  letters  extend,  in  some  cases,  -nt  inch  above 
or  below  the  lettering  lines,  as  indicated.  Between  the  top 
of  the  lower-case  letters  and  the  bottom  of  the  lower  row  of 
capitals  leave  a  space  of  1  inch.  Make  the  capitals  1  inch 
high,  and  a  space  of  i  inch  between  each  line.  The  title 
is  i  inch  above  the  top  line,  and  its  capital  letters  are  i  inch 
high,  the  small  letters  being  two-thirds  this  size,  The 
characteristic  features  of  the  alphabet  consist  of  a  number 
of  cymas,  half  cymas,  and  crescent-shaped  strokes.  The 
straight  strokes,  where  used,  usually  terminate  at  one  or 
both  ends  with  a  spur  on  each  side  about  »  stroke  above 
the  bottom  line.  The  letters  bear  approximately  the  same 
proportion  of  width  to  height  as  did  the  Full  Block  letters, 
with  the  many  variations  necessary  on  account  of  their 
irrezular  form.    The  stroke  of  this  letter  is  A  inch,  though 


it  is  not  uniform  in  all  parts,  the  crescent  strokes  in  many 
of  the  letters  being  tV  inch  wider.  Where  two  cymas  are 
adjacent,  or  a  cyma  stands  near  the  vertical  stroke,  one  of 
the  cymas  is  usually  made  i  stroke  wide  at  the  thickest  part; 
also,  where  a  vertical  stroke  curves  on  the  inside  of  the 
letter,  as  in  the  C.  T,  and  U,  the  vertical  stroke  is  a  trifle 
less  and  the  curved  atroke  is  a  trifle  more  in  width  than  the 
full  stroke. 

118.  In  proportioning  the  letter  A,  draw  the  fine  line 
from  a.  point  on  the  lower  Une  2s  strokes  to  the  right  of 
the  left-hand  border  to  a  point  Si  strokes  to  the  right 
on  the  top  line.  Then  make  the  letter  5  strokes  wide  on 
the  bottom  line,  and  draw  the  fine  horizontal  line  2j  strokes 
above  the  bottom;  the  heavy  horizontal  line  being  i  stroke 
in  width,  is  drawn  the  thickness  of  the  fine  line  below. 
The  half  cyma  on  ihe  bottom  of  the  fine  line  is  2s  strokes 
in  length,  measured  from  its  point  on  the  line,  and  the 
return  of  its  fine  line  after  curving  2  strokes  below  is 
directly  under  the  point  of  the  letter.  The  letter  B  is 
4a  strokes  in  width  to  the  outside  of  the  cyma,  exclusive 
of  the  spurs.  The  cyma.  in  its  upper  left-hand  comer,  is 
3»  strokes  in  length,  and  its  right-hand  point  is  over  the 
center  of  the  fine  lines  on  the  interior  of  the  letter.  The 
right  stroke  of  the  B,  where  it  joins  the  curved  fine  line,  is 
thinned  down  to  f  stroke  in  width,  and  the  upper  stroke  at 
this  point  curves  around  suddenly  to  form  the  fine  line,  ter- 
minating in  a  small  ball.  The  crescent  shape  of  the  letter  C 
is  5!i  strokes  wide  from  the  point  to  its  left-hand  side,  the 
upper  end  extending  3i  strokes  to  the  right,  and  stopping 
over  the  center  of  the  interior  of  the  letter,  the  vertical 
stroke  being  2i  strokes  long  and  terminating  with  a  half 
cyma,  which  measures  Ij  strokes  on  the  top  line.  The  tine 
line  joining  the  vertical  stroke  of  the  cyma  and  Ihe  bevel  on 
the  bottom  of  the  vertical  stroke,  as  well  as  al!  the  diagonal 
lines  at  the  ends'  of  the  letters  in  this  alphabet,  except  as 
otherwise  pointed  out,  inclines  at  an  angle  of  30°,  but  the 
line  is  not  straight  and  always  curves  toward  the  interior  of 
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the  letter.  The  letter  D  is  5i  strokes  in  width  to  the  outside 
of  the  spur  of  the  cytna.  The  right  vertical  stroke  and  the  top 
horizontal  stroke  are  joined  together  at  the  angle  by  a  sharp 
curve.  The  two  fine  lines  in  the  center  of  the  letter  are 
i  stroke  apart  and  i  stroke  from  the  cyma.  The  letter  E  is 
composed  entirely  of  cymas  and  half  cymas.  The  space 
between  the  fine  line  and  the  first  cyma  of  the  letter  is 
1  stroke,  between  the  fine  line  and  the  second  cyma  is 
i  stroke,  and  between  the  right-hand  fine  line  and  the  pro-  ^ 
jecting  end  of  the  top  of  the  letter  is  2  strokes,  which  isj 
directly  over  the  half  cyma  on  the  bottom  of  the  line,  exclu-g 
sive  of  fine-line  projection;  the  middle  half  cyma  projecta 
from  the  fine  line  li  strokes.  The  F  is  drawn  similar  to] 
the  B,  except  that  its  middle  stroke  is  finished  like  the  ] 
and  its  top  stroke  like  the  C.  The  G  also  resembles  the  C] 
strongly,  being  precisely  the  same  as  that  letter,  with  the 
exception  of  the  right  stroke,  which  is  carried  around  and 
finished,  as  shown,  coming  to  a  point  3  strokes  above  the 
lower  line;  the  lower  corresponding  point  is  1  stroke  above. 


1 19.     From  the  vertical  stroke  of  the  letter  H  to  its  fine  line 
is  ii  strokes,  from  the  vertical  stroke  to  the  cyma  is  2  strokes, 
and  from  the  vertical  line  to  the  outside  of  the  second  cyma, 
exclusive  of  the  spurs,  is  3j  strokes.     The  horizontal  line  of 
the  H  is  }  stroke  in  width,  and  its  top  is  2  strokes  from  the 
top  line.     The  letters  I  and  J  are  similar  to  E  in  their  upright 
cymas,  the  difference  being  in  the  position  of  the  heavy  and 
light  cymas,  which  are  reversed.     These  letters,  as  the  H, 
terminate  on  the  top  line  where  they  are  joined  to  the  fine  lines. 
The  single  fine  line  on  the  letter  J  is  Ji  stroke  to  the  right 
of  the  main  cyma.  which  terminates  in  a  heavy  cyma  at  thej 
bottom  of  the  letter.     The  letter  K  is  developed  from  thel 
letter  I,  the  slanting  fine  line  leaving  the  vertical  fine  line  of  j 
the  letter  at  a  point  2  strokes  above  the  lower  line,  and  inter- 
secting the  top  line  at  a  point  2s  strokes  to  the  right  of  the 
fine  line.     The  lower  heavy  stroke  intersects  the  fine  line  at 
a  point  1  stroke  from  the  first  double  fine  line.     The  letter  lJ 
ia  similar  to  the  letter  E,  with  the  middle  stroke  left  out  and,1 
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with  the  vertical  cymas  reversed,  the  heavy  one  being  to  the 
right.  The  left  part  of  the  letter  M  is  similar  to  the  letter  I, 
and  its  middle  and  right  portions  consist  of  two  vertical 
strokes,  separated  by  a  space  of  li  strokes  andjl  strokes 
from  the  heavy  cyma.  The  fine  lines  within  the  letter  are 
i  stroke  apart  and  i  stroke  away  from  the  vertical  cyma. 

120.  The  letter  N  is  3f  strokes  wide  between  its  fine 
lines,  the  slanting  stroke  intersecting  with  the  left  fine  line 
1  stroke  below  the  top.  The  letters  O  and  Q  are  identical 
in  every  part,  except  as  regards  the  tail  of  the  latter.  The 
left  crescent-shaped  stroke  forms  a  semiellipse  on  its  inside, 
and  its  outside  is  3  strokes  from  the  nearest  inside  fine  line. 
The  other  side  of  the  letter  e.xtends  2j  strokes  beyond  this 
fine  line,  and  the  inside  vertical  stroke  is  midway  between 
the  fine  line  and  the  crescent  stroke  of  the  letter.  The 
letter  P  is  similar  in  construction  to  the  letter  L,  its  main 
cyma  being  carried  nearly  to  the  top  line  and  its  right  stroke 
carried  i  stroke  above  the  line  and  to  the  right  sufficiently  to 
'■make  the  letter  4i  strokes  wide.  The  vertical  fine  line  of 
'  the  letter  falls  from  the  point  of  intersection  of  the  cyma 
^  and  the  right  stroke.  The  left  half  of  the  R  is  similar  to  the 
'  I,  though  a  trifle  shorter;  the  upper  right  stroke  is  similar  to 
'  that  of  the  B.  though  care  must  be  taken  to  keep  the  tail  of 
this  letter  vertical  and  not  confuse  it  with  the  slanting  stroke 
of  the  K,  although  ihey  may  appear  somewhat  similar.  In 
drawing  S,  the  point  at  the  lower  portion  of  the  letter,  where 
the  half  cyma  joins  the  fine  line  from  the  full  cyma  above,  is 
exactly  midway  between  the  convex  curves  of  the  cymas 
forming  the  body  of  the  letter.  The  half  cyma  extends 
3i  strokes  to  the  left  of  this  point.  The  right  cyma  extends 
2i  strokes  to  the  right  of  this  point,  and  its  greatest  convex- 
ity is  2i  strokes  above  the  bottom  line.  The  left  cyma 
reaches  its  greatest  convexity  li  strokes  below  the  top  line. 
The  space  between  the  cymas  is  i  stroke,  the  right  one  being 
a  trifle  less  and  the  left  one  a  trifle  more  than  «  stroke  in 
width.  The  cyma  at  the  top  of  the  letter  T  is  5  strokes  long; 
I  the  iaside  vertical  fine  line  is  ll  strokes  from  its  right-hand 
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end.  The  inside  vertical  stroke  is  »  stroke  from  the  fine  line 
and  also  1  stroke  from  the  crescent-shaped  curve  that  forms 
the  body  of  the  letter,  the  right  finish  of  this  curve  being 
directly  under  the  end  of  the  horizontal  cyma  at  the  top. 

121.  The  crescent  spur  al  the  end  of  the  letter  U  is 
somewhat  distorted  in  shape,  in  order  to  admit  the  insertion 
of  the  interior  stroke,  which  is  3  strokes  long  and  {  stroke 
from  the  crescent.  The  letter  is  finished  on  the  right  side 
with  a  vertical  stroke,  as  shown,  the  entire  width  of  the  letter 
being  4|  strokes.  The  vertical  strokes  of  the  V  make  the 
letter  2  strokes  wide  inside,  the  point  on  the  top  line  of  the 
letter  being  on  a  line  with  the  inside  of  the  right  vertical 
stroke.  The  extreme  right  and  the  extreme  left  strokes  of 
the  W  are  but  slight  modifications  of  the  right  and  left  strokes 
of  the  V.  The  middle  stroke,  however,  is  a  plain  straight 
stroke  terminating  as  shown.  In  the  letter  X  the  space 
between  the  diagonal  stroke  and  diagonal  fine  line,  if  both 
were  carried  through  to  the  lettering  lines,  would  be  23  strokes 
on  the  top  and  31  strokes  on  the  bottom.  The  intersection 
of  the  stroke  and  fine  line  is  ij  strokes  below  the  top  and 
2i  strokes  above  the  bottom.  The  cross-bar  of  the  X  is  3i 
strokes  long.  The  intersection  of  the  fine  line  and  vertical 
stroke  of  the  Y  is  3  strokes  above  the  bottom  line,  and  the 
width  of  the  letter  on  the  top  line,  if  the  fine  line  were  carried 
through,  would  be  4  strokes,  the  vertical  stroke  being  in  the 
center  of  this  width.  The  strokes  of  the  Z  are  modifications 
of  similar  strokes  existing  in  the  S,  the  half  cyma  at  the 
bottom  being  4i  strokes  long  in  the  bottom  line,  the  diagonal 
cyma  being  drawn  to  finish  with  the  former  almost  tangent 
at  a  point  li  strokes  from  its  left-hand  end.  The  cyma  on 
the  top  line  does  not  reach  to  the  left  limits  of  the  letter 
within  1  stroke,  but  is  3  strokes  long,  as  it  stops  to  the  right 
side  within  i  stroke  of  a  vertical  line  drawn  through  the 
center  of  the  ball  and  the  end  of  the  lower  half  cyma.  The 
diagonal  strokes  of  the  character  &  incline  at  an  angle  of 
about  35°,  the  two  upper  strokes  being  1  stroke  apart,  and 
the   two   lower   strokes,    ij   strokes   apart.     The   diagonal 


■ 
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strokes  can  be  gauged  by  the  eye  and  the  character  drawn 
in,  as  shown. 

122.  In  drawing  the  lower-case  letters,  the  interior  space 
of  all  the  enclosed  letters  is  2  strokes;  the  strokes  of  the 
small  letters  are  k  inch  in  width.  In  designing  the  small 
letters,  draw  all  the  vertical  strokes  first;  then  the  diagonal 
fine  lines  that  form  the  enclosures  at  the  top  and  bottom  of 
the  letter  are  drawn  at  an  angle  of  30°.  The  spurs  at  the 
tops  and  bottoms  of  the  vertical  strokes  are  similar  to  those 
on  the  large  letters  and  on  the  long  strokes  extending  above 
or  below  the  line.  These  spurs  project  i  stroke  to  the  right 
and  left  of  all  the  vertical  strokes,  finishing  on  the  top  and 
bottom  lines,  with  the  exception  of  the  riaht-hand  strokes  of 
the  m  and  n,  which  terminate  with  a  curve.  The  vertical 
stroke  of  the  j  is  carried  2»  strokes  below  the  line  and  is 
beveled  ofl  to  the  left  in  a  curved  stroke  at  an  angle  of  60° 
and  terminates  in  a  short  and  abrupt  semicyma.  A  little 
study  of  this  alphabet  will  show  that  there  is  a  great 
similarity  in  the  construction  of  all  the  letters  of  the  lower- 
case alphabet.  It  is  essentially  a  straight-line  alphabet, 
there  being  only  sufficient  curved  strokes  to  emphasize  the 
characteristics  of  certain  given  letters, 

123.  In  drawing  ihis  plate,  give  particular  attention  to 
the  proportioning  of  the  spacing  of  the  letters  on  the  plate, 
as  well  as  to  the  drawing  of  the  letters  themselves.  Owing 
to  their  irregularity  in  outline,  no  definite  niles  can  be  given 
as  to  the  location  of  each  individual  letter,  and  as  the 
alphabet  is  a  difficult  one  and  likely  to  require  considerable 
practice  before  it  can  be  satisfactorily  done,  each  letter 
should  be  drawn  on  a  separate  piece  of  paper  until  you  are 
familiar  with  it,  and  then  redrawn  carefully  after  its  proper 
spacing  has  been  located  on  the  drawing  paper.  The  first 
line  of  letters  once  properly  spaced,  the  second  and  the  third 
line  can  be  located  according  to  the  relative  position  of  their 
letters  with  those  of  the  line  above.  It  is  not  required  that 
exactly  the  same  proportion  and  spacing  given  in  the  original 
plate  be  maintained,  but  whatever  spacing  is  adopted  must 
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be  uniform,  so  that  the  letters  wi!l  not  appear  crowded  in  one 
part  of  the  sheet  nor  spread  apart  in  another,  and  that  the 
spacing  between  the  two  ends  of  each  line  of  letters  and  the 
vertical  border  lines  shall  be  uniform. 

After  drawing  the  plate,  insert  the  title  at  the  top,  put  the 
date  in  the  left-hand  comer  and  the  name  and  class  letters 
and  number  in  the  lower  right-hand  corner. 


PLATK,  TITLE!  ENGROSSING 
124.  The  style  of  letter  known  as  Kiif^oesInK,  gener- 
ally referred  to  as  German  Roiindband,  is  usually  executed 
with  a  writing  pen  designed  specifically  for  this  purpose. 
It  is  more  of  a  pen  alphabet  than  a  brush  alphabet  and  but 
rarely  enters  into  any  of  the  woric  required  by  the  sign 
painter  and  general  letterer.  It  is  largely  used  for  the  body 
of  the  information  contained  in  engrossed  resolutions  or  con- 
ventional forms,  and  before  the  invention  of  the  typewriter 
was  the  letter  exclusively  used  for  engrossing  wills,  deeds. 
and  other  legal  documents.  In  executing  this  plate,  draw 
the  letters  in  outline  and  fill  in  the  strokes  with  a  brush,  but 


the  characteristics  of  ihe  construction  of  the  letter  should  be 
understood  in  order  that  Ihe  stroke  and  its  diminution  to  Ihe 
fine  line  may  be  properly  proportioned.  The  pens  used  by 
the  draftsman  to  do  this  work  are  of  two  forms— one  with  a 
plain  flat  point  like  an  ordinary  stub  pen,  and  the  other  style 
shown  in  Fig.  10,  with  which  the  shaded-Ielter  a1pha1>et  is 
lirawn.  The  latter  style  possesses  a  double  point,  which  at 
one  stroke  draws  both  a  heavy  stroke  and  a  fine  line,  as  in  the 
open-outlined  letters  and  the  shaded  ones  on  the  plate.  In 
form,  these  pens  are  not  unlike  an  ordinary  stub,  and  are  held 
in  the  hand,  almost  perpendicularly  with  the  breadth  of  the 
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point,  at  an  angle  of  about  4.5°,  The  position  of  the  point 
of  the  pen  is  not  changed  in  forming  any  of  the  letters,  the 
direction  of  its  movement  determining  entirely  the  width  of 
each  stroke,  and  the  points  of  its  taper  or  diminution  to  the 
fine  line.  Id  the  letter  A,  for  instance,  the  pen  is  set  in 
position  to  draw  the  interior  crescent  stroke  to  the  left  of  the 
vertical  stroke  of  the  A.  The  pen  is  then  moved  to  the  left 
of  this  crescent,  and  the  upper  crescent  is  drawn  so  that  the 
terminals  of  each  come  together.  The  lower  crescent  of 
the  A  is  then  drawn  as  a  continuation  of  the  second  one, 
thereby  forming  a  curve  somewhat  like  the  letter  C.  The 
pen  is  again  placed  in  position  at  the  top  of  the  second 
crescent,  drawn  vertically  downwards  within  1  stroke  of  the 
bottom  line,  and  then  in  a  slanting  direction  to  the  rigbt,  until 
it  touches  the  bottom  line,  and  then  in  the  direction  of  the 
iDclination  of  the  point,  upwards,  making  the  terminal  fine 
line.  This  operation,  in  varying  forms,  is  repeated  with 
,  every  letter  of  the  alphabet.  Where  the  scroll  curve  occurs 
in  any  letter,  each  crescent  or  line  of  the  curve  is  drawn 
separately,  and  terminated  so  that  the  tine  end  of  one  joins 
on  to  the  fine  end  of  another,  except  in  the  letter  C,  where 
at  the  top  these  lines  are  permitted  to  pass  each  other. 

125.  When  the  letterer  desires  to  use  this  alphabet  on  a 
large  scale,  he  usually  outlines  the  letter,  thickening  the 
stroke  and  tapering  it  to  a  fine  line  in  such  places  as  would 
naturally  occur  if  he  were  using  a  pen.  The  letters  have  no 
absolute  proportions  of  width;  they  are  based,  in  general, 
on  the  script  alphabet,  with  a  slight  tendency  toward  the 
eccentricities  of  the  (ierman  Text,  but  with  sufficient  latitude 
to  enable  the  letterer  to  vary  considerably  in  establishing 
proportions,  without  seriously  impairing  the  symmetry  and 
smoothness  of  the  appearance  of  the  work.  In  designing 
this  plate,  locale  the  bottom  of  the  lowest  line  of  letters 
i  inch  above  the  lower  border  line.  Make  this  line  of  letters 
■h  inch  high  and  leave  }  inch  space  between  it  and  the  line 
of  shaded  capitals.  The  top  capital  letters  and  numerals  are 
i  inch  high,  and  the  space  between  the  shaded  capitals  and 
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the  outlined  letters  above  them  is  h  inch,  while  between  the 
outlined  capitals  and  the  lower-case  letters  in  black  above 
them,  ia  W  inch.  The  lower-case  letters  are  3  inch  high  and 
the  space  from  them  to  the  capitals  is  }  inch.  The  two 
upper  lines  of  capitals  and  numerals  are  a  inch  apart,  and  the 
title  is  i  inch  high  and  t*s  inch  above  the  top  line  of  letters. 

126.  In  drawing  these  letters  use  the  freehand  pen 
entirely,  outlining  the  letters,  and  completing  the  plate  in 
outline  before  starting  to  shade  or  blacken  in  any  of  the 
characters.  The  upper  alphabets  of  capitals  and  lower-case 
letters  may  then  be  blacked  in.  One  half  of  the  second 
alphabet,  and  all  of  its  lower-case  letters  may  then  be 
shaded,  as  shown  on  the  plate,  and  the  second  half  shaded 
and  tinted  with  horizontal  freehand  lines,  drawn  about 
iSi  inch  apart.  If  desired,  you  may  draw  the  letters 
with  an  engrossing  or  round  writing  pen,  after  you  have  had 
sufficient  practice  with  this  instrument  on  a  separate  sheet  of 
paper.  The  width  of  the  pen  at  the  point  should  be  i  inch 
for  the  capital  letters,  and  A  inch  for  the  small  letters.  This, 
when  inclined  at  the  angle  of  45°,  will  give  a  stroke  some- 
what narrower  than  either  of  these  measurements,  which  is 
the  proper  stroke,  as  shown  on  the  plate.  The  main  thing 
to  be  observed  in  letters  of  this  plate  is  their  characteristics, 
due  entirely  to  the  position  of  the  pen,  and  the  direction  of 
its  movement  in  their  execution.  The  general  proijortion  of 
each  letter  is  more  or  less  dependent  on  this;  the  amount 
of  curve  and  the  direction  to  be  given  each  stroke  will  be 
determined  by  the  position  of  the  pen  and  the  direction  of 
the  stroke. 

After  completing  the  pages  shown,  insert  the  date  in  the 
lower  left-hand  comer  and  the  name  and  class  letters  and 
number  in  the  lower  right-hand  corner. 
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PliATK,  TITLE:  ARCHITECTS'  PEN  STROKE 

127.  This  plate  exhibits  three  forms  of  the  Pen  Stroke 
alphabet  and  their  corresponding  lower  case,  used  under 
varying  circumstances,  but  almost  exclusively  for  architec- 
tural drawings.  The  letter  is  constructed  so  that  it  may  be 
easily  di^awn  without  the  use  of  any  instrument  save  an  ordi- 
nary pen  or  a  drafting  pen.  The  letters  should  be  made  per- 
fectly clear  and  legible,  expressing  its  words  without  study 
necessary  on  the  part  of  the  observer.  The  letters  are  free 
from  any  conventional  proportion,  there  being  no  rule  for 
stroke  or  width  of  letter  other  than  those  prescribed,  accord- 
ing to  the  circumstances  of  each  case.  The  stroke  should 
usually  he  made  heavier  when  drawn  on  tracing  cloth,  in 
order  to  produce  a  clear  print,  but  in  the  lettering  of  the 
details  of  a  paper  drawing  the  stroke  can  be  as  fine  as  the 
draftsman  may  desire.  The  genera!  proportions  for  the  let- 
ters in  alphabet  No.  1  require  that  their  width  shall  be  four- 
fifths  their  height,  while  the  width  of  alphabet  No.  2  is  equal 
to  the  height.  In  alphabet  No.  3  the  letters  vary,  the  main 
purpose  being  to  produce  a  letter  by  the  use  of  the  triangle 
and  T  square  that  can  be  completed  in  straight  lines  without 
freeband  additions. 

128.  In  drawing  this  plate,  the  lower-case  letters  of  the 
alphabet  at  the  bottom  are  I  inch  above  the  lower  margin 
line.  The  letters  are  -rn  inch  high,  and  the  long  letters  extend 
ih  inch  above  and  i  inch  below  the  lines.  The  bottom  line 
of  capitals  corresponding  to  this  lowercase  is  If  inches  from 
the  margin  line.  The  letters  are  a  inch  high.  The  lower- 
case letters  of  alphabet  No.  2  are  1  inch  above  these  capitals, 
and  are  the  same  height,  and  extend  the  same  distance  above 
and  below  the  line  as  do  the  other  lower-case  letters.  Prom 
the  second  line  of  capitals  to  the  lower-case  letters  of  alpha- 
bet No.  1  is  1  inch,  with  a  space  of  1  inch  between  them  and 
the  capitals,  and  a  space  of  4  inch  to  the  title,  the  capitals  ol 
which  are  i  inch  high.  The  capitals  and  the  small  letters, 
alphabets  No.  1  and  No.  2,  are  the  same  height  as  those  in 
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the  lower  alphabet.     The  inclination  of  the  letters  in  alphabet 
No.  1  is  30°. 

129.  The  strokes  of  the  letters  are  frequently  projected 
beyond  the  limits  of  the  normal  letter,  either  as  a  scroll,  such 
as  occurs  in  the  C  and  E,  or  as  a  compound  curve,  observed 
in  the  G  and  R.  Wherever  the  scroll 
occurs,  the  end  should  be  finished 
with  a  dot.  The  regular  straight 
strokes  of  the  letter  are  usually 
finished  with  a  spur  in  the  form  of  a 
short,  straight  line,  which  crosses  the 
stroke  at  about  an  angle  of  30°  with 
the  horizontal  line.  In  some  cases, 
the  stroke  of  one  letter  is  carried 
over  to  interfere  with  another,  as 
may  bo  observed  in  the  tail  of  the  Q, 
the  middle  stroke  of  the  R,  etc. 

130.  Occasionally,  the  initial  let- 
ter will  be  extended  to  cover  over 
or  extend  under  an  entire  word,  as 
shown  in  Fig.  11,  but  in  the  use  of 
any  such  eccentricities,  legibility,  the 
chief  object  of  the  letter,  must  never 
be  overlooked.  While  these  con- 
ditions apply  to  all  the  alphabets,  it 
is  more  particularly  to  No.  1  on  this 
plate  that  we  refer.  Alphabet  No.  2 
is  a  modified  form  of  the  French 
Roman,  without  any  distinction  be- 
tween the  stroke  and  fine  line.  The 
spur  sh6uld  be  very  small,  the  ten- 
dency of  the  draf tsm  an  usually  bein  g  to 
make  it  excessive.  There  are  no  spurs  in  the  lower-case  alpha- 
bet. Alphabet  No.  3  is  made  entirely  with  the  T  square  and  the 
triangle,  and  requires  no  freehand  penciling  before  laying  it  out. 

131.  The  upper  and   lower   lines   confining  the  letters 
should  be  drawn  first,  the  letter  A  located  in  its  proper  place 


Fig.  11 


122 


THE   FORMATION  OF   LETTERS 


and  drawn  in  ink,  and  then,  after  approximately  spacing  the 
distances,  the  vertical  lines  of  the  letters  B.  C,  D,  E.  etc,  should 
be  drawn  in  ink  without  further  instructions. 

When  this  plate  is  finished,  make  a  careful  comparison  of 
each  letter  of  your  own  plate  with  that  of  the  copy,  and 
endeavor  to  criticize  and  detect  for  yourself  any  irregularity 
or  error  that  may  exist.  If  this  error  is  in  the  proportion- 
ing of  the  letter,  correct  it  before  your  plate  is  sent  in  for 
correction;  if  it  is  simply  an  error  of ,  location  or  spacing, 
let  it  stand,  and.  unless  very  serious,  it  will  not  be  counted. 
When  satisfied  that  every  detail  is  up  to  the  standard,  insert 
the  date  in  the  lower  left-hand  corner,  and  the  name  and  , 
class  letters  and  number  in  the  lower  right-hand  corner. 


PLATE.     TITLE:     DRAFTSMEN'S    STYLES 
132.     Many  topographical  and  mechanical  draftsmen,  i 
well  as  civil  and  mechanical  engineers,  contend   that  thej 
style  and  quality  of  lettering  on  a  map,  survey,  or  drawit^ 
is    of    little    importance    so    long    as    it    expresses   what 
intended  in  the  parts  referred  to,      With   some,  there  is  i 
feeling  (hat  extensive  lettering,  or  even  careful  and  accuraU 
lettering  of  a  map  or  drawing,  is  time  wasted,  and  that  t 
real  effort  of  their  work  should  end  with  the  finishing  of  thfij 
drawing  itself.     That  this  is  a  grievous  and  serious  mistake, 
for  any  finished  draftsman  needs  no  further  proof  than  the 
fact  that  the  government  of  the  United  Stales  has  recognized, 
the  importance  of   accuracy  in   map   lettering  to  such 
extent  as  to  establish  certain  rules   that   shall  govern  ' 
lettering  of  each  individual  part  of  a  map,  using  a  certal 
sized  letter  for  certain  objects  or  localities  of  importan«! 
and  larger  and  smaller  letters  for  localities  of  greater  or  h 
importance.     Each  style  of  (he  letter  is  used  uniformly,  : 
indicate  the  character   of    the    surface   or   division   of   i 
country  lettered.     For  instance,  all  waterways,  lakes,  etc.  a 
lettered   in   various    sizes    of    Italic   letter;    railroads 
engineering  improvements  are  lettered  in  an  inclined  bitx 
letter;  cities  are  lettered  in  Roman  capitals;  smaller  I 
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in  capitals  and  lower-case  letters;  etc.  All  of  the  principal 
letters  used  in  this  work,  as  well  as  several  other  styles,  are 
given  in  this  Course  of  instruction  for  draftsmen,  but  their 
specific  application  is  a  matter  of  separate  study  and  does 
not  form  a  part  of  this  Course. 

133.  In  drawing  this  plate  of  letters,  draw  the  bottom 
line  of  numerals  i^  inch  high  and  resting  on  the  lower 
border  line.  Between  this  and  the  letters  above  is  a  space 
of  i  inch,  and  the  letters  themselves  are  A  inch  high.  The 
lower  alphabet  of  lower-case  letters  is  -^  inch  below  the 
capital  letters  of  that  alphabet,  or  about  k  inch  above  the  bot- 
tom line,  and  A  inch  high. 

The  line  of  letters  numbered  ff  ia  i  inch  above  the  line 
numbered  7.  the  lower  case  of  alphabet  No.  5,  to  the  left, 
being  t^  inch  high  in  the  body  of  the  letters,  and  the  alphabet 
to  the  right,  A  inch  high.  From  the  top  of  the  former  to 
the  letters  in  No.  5  is  i  inch,  and  the  letters  are  I'tf  inch  high. 
Above  this,  a  distance  of  f  inch,  the  heavy  line  containing 
the  last  eight  letters  of  the  alphabet  is  I  inch  high,  and  all 
the  heavy  lines  above  this  are  spaced  i  inch  apart  and  S  inch 
high.  The  four  letters  in  lines  S  and  4  are  A  inch  below 
the  line  immediately  above  them,  while  the  small  lines  of 
letters  numbered  8  and  !>  are  each  i  inch  high,  and  located 
with  their  small  letters  in  the  center  of  the  space  occupied 
by  the  alphabet  immediately  to  the  left.  The  panel  contain- 
ing the  title,  the  length  o(  which  is  5  inches,  is  i  inch  wide 
and  i  inch  above  the  top  line  of  letters.  The  height  of  the 
letters  in  the  panel  is  i  inch,  the  stroke  is  one-fifth  their 
height,  and  the  white  outline  border  is  1  stroke  in  width. 
Beginning  with  the  top  line  of  letters,  the  stroke  of  which  is 
one-fifth  the  height,  locate  the  center  of  the  top  of  tlie  A  3 
strokes  from  the  left  border  line.  The  letters  of  this  alpha- 
bet are  all  5  strokes  in  width,  except  the  L.  which  is  only 
4i  strokes;  the  M,  which  is  6  strokes;  and  the  W,  which  is 
7  strokes  in  width.  It  will  be  observed  that  this  alphabet 
is  very  similar  in  many  of  its  details  to  the  Half  Block 
alphabet  drawn  on  the  second  plate,  with  two  exceptions: 
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one,  that  the  width  of  the  letter  is  equal  to  its  height,  and 
the  other,  that  the  letters  with  beveled  corners  do  not  pos- 
sess that  bevel  on  the  inside  of  the  stroke.  The  first  of 
these  exceptions  may  be  varied  according  to  the  conditions 
in  which  the  lettering  is  to  be  done.  Certain  drawings  may 
require  that  the  letters  shall  be  elongated  or  condensed,  thus 
destroying  the  proportion  of  width  to  height;  but  the  con- 
dition regarding  the  bevel  existing  on  the  outside  of  the 
letter  only  should  never  be  altered,  as  omitting  the  bevel 
on  the  inside  of  small  letters  contributes  to  the  sharpness 
and  clearness  of  the  outline,  as  may  be  seen  in  the  letters 
of  the  title. 

134.  Alphabet  No.  2  shows  an  alphabet,  or  at  least  a 
portion  of  it,  the  proportions  and  general  outlines  of  which 
are  similar  to  No.  1,  with  the  addition  of  the  spur,  as  in 
the  Antique  Half  Block  plate.  No  difficulty  should  be 
experienced  in  executing  this  alphabet,  should  it  be  desired, 
in  any  of  your  work,  as  the  general  principles  of  the  letters 
are  precisely  the  same  as  in  alphabet  No.  1.  In  designing 
the  other  letters,  no  spur  should  be  placed  on  the  left 
extremity  of  the  J  nor  on  the  tail  of  the  R,  and  the  small 
spur  that  exists  on  some  letters  where  the  bevel  stroke 
intersects  with  the  vertical  stroke  should  never  exceed  in 
size  one-half  the  regular  spur.  No  spurs  on  any  of  the 
letters  should  project  above  the  line,  except  on  the  letters  C, 
G,  and  S.  Alphabet  No.  3  is  a  repetition  of  the  Egyptian 
letter  already  drawn  in  that  plate,  excepting  in  the  letters 
having  rounded  strokes.  The  O  and  Q  in  this  alphabet  are 
perfect  circles,  while  the  strokes  of  the  other  rounded  letters 
are  all  elliptic  curves.  The  letters  are  somewhat  similar  in 
many  respects  to  alphabet  No.  1,  the  left  extremity  of  the  J, 
however,  extending  higher  above  the  lower  line,  and  the 
rounded  letters,  such  as  the  C,  G,  O,  etc.,  having  their  convex 
edges  a  little  above  and  a  little  below  the  lettering  line. 
This  protuberance  of  the  letter  is  only  noticeable  when 
horizontal  lines  are  drawn  limiting  the  top  and  bottom;  but 
if  it  is  not  done,  these  letters  will  appear  shorter  than  the 
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others  when  a  line  of  lettering  exists  alone.  Alphabet  No.  4 
is  similar  to  the  Antique  Egyptian  plate,  and  in  this  is 
embodied  some  features  referred  to  in  the  previous  alphabet. 
The  spur  is  added  precisely  as  in  alphabet  No,  2,  excepting 
in  the  letters  C  and  E,  all  letters  of  a  similar  character  par- 
taking of  the  same  peculiarity. 

135.  Alphabet  No.  5  is  one  of  the  most  important 
alphabets  with  which  the  draftsman  is  required  to  be  familiar. 
This  style  of  letter  is  used  in  descriptive  matter  on  all 
classes  of  drawings.  It  is  a  single  pen-stroke  letter  drawn 
rapidly,  freehand,  and  when  executed  at  a  uniform  angle  and 
properly  spaced,  presents  a  line  of  very  neat  work.  The 
principles  on  which  these  letters  are  constructed  are  shown 
in  the  oval  of  Fig,  13,  and  the  characteristic  curve  by  which 
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such  letters  as  the  m  and  u  are  joined  is  shown  in  Fig.  H. 
The  angle  of  these  letters  is  three  parts  base  to  eight  of 
height,  as  shown  in  Fig.  12.  The  round  letters  of  the  lower 
case,  which  are  shown  to  the  left  of  alphabet  No.  G.  are  not 
elliptic,  but  oval,  and  the  curve  should  be  practiced  repeatedly 
before  executing  the  plate.  If  the  capitals  of  alphabet  No.  b 
are  drawn  perpendicular,  instead  of  at  the  angle  shown  in 
Fig.  12,  then  the  lower-case  letters  shown  to  the  right  of 
those  belonging  to  alphabet  No,  5  will  be  used.  These 
lower-case  letters,  alphabet  No,  6,  are  elongated,  and  made 
to  fill  a  space  often  occurring  in  drawings,  which  is  too 
narrow  for  the  regular  proportion,  as  shown  in  the  line 
above.  When  this  style  is  used,  the  capitals  and  long  letters 
of  the  lower  alphabet  should  be  twice  the  height  of  the  s 
letters  of  the  lower  alphabet. 
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136.  Alphabet  No.  7  is  an  engrossing  alphabet,  or,  as  it 
is  sometimes  called,  Round  Writing,  and  is  made  with  a 
shading  pen  especially  designed  for  this  writing,  and  used 
with  ordinary  writing  fluid  or  India  ink.  The  angle  of  the 
ap  stroke,  or  fine  line,  of  the  pen  should  be  about  45°;  the 
heavy  strokes  should  always  be  made  with  a  downward 
movement  of  the  pen,  and  the  fine  lines  either  united  or.  as 
in  the  R  and  S,  terminated  with  a  slifeht  space  between  the 
poiats.  The  letters  in  No.  8  are  backhand  pen-stroke  letters, 
as  indicated,  and  are  used  for  similiar  purposes  with  alpha- 
bet No.  5,  and  can  be  executed  with  great  rapidity  where  time 
in  the  lettering  of  a  drawing  is  of  importance.  This  letter 
must  always  be  of  uniform  angle  and  somewhat  condensed. 

137.  The  shaded  Italic  Script  shown  in  No.  9  is  a  letter 

in  general  use  for  important  lettering  of  drawings,  such  as 
titles,  etc..  where  it  is  especially  beneficial  in  giving  a  variety 
and  thereby  improving  the  appearance  of  the  drawing.  The 
title  of  the  drawing  shows  the  letter  treated  in  a  different 
manner,  but  proportioned  precisely  the  same  as  the  other 
letters  in  alphabet  No,  1,  The  letter  is  carefully  outlined, 
as  in  the  previous  cases,  and  then  the  background  is  blacked 
in.  leaving  the  letter  in  relief  instead  of  blacking  the  letter 
itself.  The  shaded  strokes  of  alphabet  No.  7  and  letters  in 
No.  9  may  be  either  outlined  with  a  fine  pen  and  blacked  in 
subsequently,  or  they  may  be  made  with  a  single  stroke  of 
the  fine  soft  pen,  the  strength  of  the  line  being  altered  by  the 
pressure,  or,  in  the  case  of  alphabet  No.  7,  with  a  round  wri- 
ting pen  previously  described.  Execute  the  plate  as  shown, 
paying  particular  attention  to  the  spacing  and  proportioning 
of  each  of  the  strokes  in  each  of  the  letters.  There  is  noth- 
ing in  this  plate  that  is  essentially  new,  but  there  is  much  in 
the  arrangement,  location,  and  proportioning  of  details  that 
will  test  the  attention  given  to.  and  the  knowledge  derived 
from,  the  work  on  previous  plates.  After  the  plate  is  com- 
pleted, insert  the  date  in  the  lower  left-hand  corner,  and  the 
name  and  class  letters  and  number  in  the  lower  right-hand 
corner,  as  usual. 
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PLATE,  TITLE!   HEBREW 

138.  The  Hebrew  alphabet,  though  not  considered 
until  nearly  the  end  of  this  Course,  is,  in  point  of  chronology. 
the  earliest  form  of  letter  with  which  we  have  so  far  had  to 
deal.  It  is  not  the  intention  here  to  give  instruction  as  to 
the  sound  represented  or  the  names  given  to  the  different 
characters,  but  to  familiarize  one  with  the  forms  and  prin- 
ciples that  govern  the  different  letters,  so  that  he  can  execute 
the  same  from  a  rough  copy,  when  required,  to  design  an 
inscription  for  the  stone  cutter,  marble  worker,  metal  worker, 
or  the  engrosser. 

139.  In  executing  this  plate,  locate  the  lower  lettering 
line  -ft  inch  above  the  lower  margin,  which  gives  the  bottom 
of  M  only.  Make  these  letters  H  inches  high  throughout 
the  alphabet,  with  a  space  of  i  inch  between  the  two  lower 
lines,  and  ?  inch  between  the  upper  lines.  The  title  is  f  inch 
high,  the  word  Final.  A  inch.  The  average  width  of  the 
stroke  of  these  letters  is  about  i  inch,  and  the  fine  line  about 
t^  inch.  The  English  characters,  for  which  the  letters  stand. 
are  marked  by  the  side  of  them,  and  the  following  names  in 
their  regular  order  will  show  to  which  ones  we  refer  to  in 
the  subsequent  descriptions:  Aleph,  Beth,  Gimel,  Dalelk,  He, 
Vav,  Zaym,  Cheih,    Tellt,   Yod,  JCapA,   Lamcdh,  Mem,  Nun, 

iSamekh,  Ayin,  Pe.    Tsadhe,  Qofik,  Rfsh.  Shin,   Tav.      The 
ffioal  letters  are  Raph,  Mem,  Nun,  Pe,  and  Tsadhe. 

140.  Some  of  these  letters  resemble  each  other  so 
closely  that  the  closest  attention  is  necessary  in  order  to  dis- 
tinguish the  characteristic  points.  The  cyma,  which  is  the 
main  stroke  of  the  first  letter  Aleph,  is  more  pronounced  in 
this  than  in  some  other  Hebrew  alphabets,  thus  showing 
that  there  is  opportunity  for  variation  in  this  detail.  The 
lower  stroke  of  the  second  letter,  corresponding  with  B, 
extends  to  the  right  of  the  fine  line  i  stroke,  while  in  the 
next  letter,  G,  it  is  but  Ij  strokes  in  length,  and  does  not  quite 
reach  the  fine  line.     The  character  corresponding  to  D  and 

I  that  corresponding  to  R  are  very  similar,  the  distinguishing 
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characteristic  being  that  the  former  is  carried  almost  to  a 
point  at  its  upper  right-hand  side,  while  the  latter  curves 
off  to  the  fine  line.  The  vertical  stroke  of  the  H  does  not 
reach  to  the  cyma  at  the  top  of  the  letter.  The  letter  Y  is 
cut  off  short,  finishing  2  strokes  above  the  bottoms  of  the 
other  letters.  The  dot  inside  the  letters  B,  K,  T,  etc.  must 
never  be  omitted,  as  the  letter  will  not  then  possess  its 
proper  value.  In  the  character  corresponding  with  M,  a 
space  of  i  stroke  is  left  between  the  fine  line  and  the  bottom 
horizontal  stroke.  The  quiescent  Ayin  somewhat  resembles 
the  letter  Y,  and  the  tail  of  the  letter  extends  from  the  bot- 
tom line,  at  an  angle  of  about  60°.  to  a  point  vertically 
under  the  top.  The  short  stroke  of  the  P  is  finished  i  stroke 
above  the  horizontal  stroke,  with  a  short  fine-line  spur 
toward  the  left.  The  dot  of  the  letter  rests  on  what  is 
really  the  lettering  line,  which  extends  practically  through 
the  center  of  the  letters,  a  characteristic  in  which  this  alpha- 
bet differs  from  all  others. 


141.  In  forming  these  letters,  pay  particular  attention  to 
tiie  proportion  of  each,  according  to  the  width  of  its  stroke. 
Notice  the  position  of  the  cyma,  with  regard  to  the  lettering 
lines,  between  which  the  characters  are  drawn,  and  also  the 
location  of  other  details,  with  respect  to  the  horizontal  lines, 
on  which  the  script  letters  rest  and  below  which  the  Hebrew 
letters,  in  nearly  every  case,  extend.  Note  the  combination 
of  similar  details  existing  in  dit?erent  letters,  as  was  the  case 
in  ,the  Old  English  and  German  text  alphabets;  the  T,  for 
instance,  possessing,  as  its  right  stroke,  the  same  character 
as  stands  for  the  letter  R,  the  upper  stroke  of  the  B,  and  the 
right  stroke  of  the  final  F.  Note  also  that  in  general  appear- 
ance the  letters  T.  M,  S,  P,  and  final  M  are  very  much  alike, 
but  when  analyzed,  as  to  the  shape  and  proportion  of  their 
strokes,  are  entirely  different.  On  the  other  hand,  observe 
that  the  character  standing  for  Ts  in  the  middle  of  a  word  is 
totally  different  from  the  character  standing  for  the  same 
letters  at  the  end  of  a  word.  The  only  difference  in  the 
characters  standing  for  S  and  Sh  is  the  position  of  the  dot. 
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Lay  out  this  plate  in  outline  as  in  the  previous  ones,  black 
in  the  letters  with  a  brush,  and  print  in  the  title  in  a  Roman 
letter  I  inch  above  the  top  line  of  the  Hebrew  letters.  The 
word  Final  over  the  last  line  of  Hebrew  letters  is  i^  inch 
above  them.  After  the  completion  of  the  plate,  write  the 
date  in  the  lower  left-hand  corner  and  the  name  and  the  class 
letters  and  number  in  the  lower  right-hand  corner. 


PLATE,  TITLE:   UNCIATi  GBEEK 

142.  The  Uncial  Greek  alphabet  is  distinguished 
from  the  alphabet  of  minuscules  in  the  same  sense  that  capi- 
tals are  distingruished  from  lower-case  letters  in  the  Roman 
alphabet.  The  minuscules,  however,  are  not  always  used  in 
the  exact  relation  of  lower-case  letters  to  the  Uncial  Greek, 
nor  are  the  latter  used  entirely  as  capitals.  The  uncial  letter 
is  always  used  at  the  beginning  of  proper  names  and  the  first 
word  of  a  sentence,  whether  the  whole  sentence  is  written  in 
this  style  letter  or  not. 

143.  In  designing  this  plate,  draw  the  line  limiting  the 
bottom  of  the  letters  I  inch  from  the  lower  border  line.  The 
minuscules  are  then  made  f  inch  in  height,  with  a  space  of 
i  inch  between  them.  From  the  top  of  the  minuscules  to 
the  bottom  of  the  uncial  letters,  a  space  of  1  inch  is  left. 
The  uncial  letters  are  1  inch  high,  with  a  i  inch  space 
between  them,  and  the  title  is  i  inch  high  and  i  inch  above 
the  top  line. 

144.  There  are  but  twenty-four  letters  in  the  Greek 
alphabet,  and  as  their  forms  are  in  many  respects  di£ferent 
from  the  Roman  letters,  it  is  well  to  know  them  by  name  in 
their  regular  order,  that  proper  comparisons  with  them  and 
other  alphabets  can  hereafter  be  made. 

The  names  are  as  follows:  Alfika,  Beta,  Gamma,  Delta, 
Epsilm.  Zeta.  Eta.  Thiia,  Iota.  Kappa,  Lambda,  Mti,  Nu,  AV. 
Omicron.  Pi,  Rho,  Sigma,  Tau.  Upsiion,  Phi,  Chi,  Psi,  Omega. 

The  stroke  in  this  form  of  letter  is  a  trifle  less  than  i  inch 
wide:    the  general  width  of   the  letter  is  about  4  strokes, 
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excepting:  round  or  extended  letters,  which  are  wider  and 
can  only  be  judged  by  their  relative  proportions.  The  aver- 
age width  of  the  minuscules  is  A  inch,  and  their  form  can 
best  be  reproduced  by  drawing*  the  lettering  lines  at  the  top 
and  bottom  of  the  letters  on  the  plate,  and  judging  the  pro- 
portion of  the  Greek  letter  in  the  copy  as  it  projects  above  or 
below  this  line. 

145.  The  letters  Alpha  and  Beta  are  similar  to  the 
Roman  characters  A  and  B,  with  the  exception  of  the  spur, 
which  is  i  stroke  in  length  and  but  i  stroke  in  width  where 
it  joins  the  letter.  There  is  no  letter  C,  and  the  Gamma  (G) 
is  similar  to  an  inverted  L.  The  Delta  (D)  and  Lambda  (L) 
are  similar  in  outline  to  the  Alpha,  except  that  the  former 
has  a  horizontal  stroke  and  the  latter  possesses  no  horizontal 
fine  line.  Epsilon  is  similar  to  the  Roman  letter  E,  and  Zeta 
corresponds  with  the  Roman  letter  Z.  The  Eta  is  very 
similar  to  the  Roman  letter  H,  but  is  the  character  used  in 
the  Greek  for  the  long  sound  of  the  letter  E.  The  Theta  (Th) 
is  similar  in  outline  to  the  Omicron  (O),  except  that  it  has  a 
cross-bar  in  the  middle,  which  is  i  stroke  wide  and  reaches 
to  within  i  stroke  of  the  curved  outline.  The  Iota  and  Kappa 
are  similar  to,  and  correspond  with,  the  Roman  letters 
I  and  K.  There  is  no  letter  J  in  the  Greek  alphabet. 
Lambda,  the  equivalent  of  the  Greek  letter  L,  is  similar  to 
an  inverted  V,  or  an  A  without  the  horizontal  fine  line;  and 
Mu  and  Nu  correspond  with,  and  are  similar  to,  the  Roman 
letters  M  and  N.  Xi,  corresponding  somewhat  to  the  let- 
ter Z,  is  drawn  with  three  horizontal  strokes,  the  intermediate 
one  being  1  stroke  shorter  on  each  end  than  the  two  outside 
strokes.  Omicron,  as  said  before,  is  similar  to  the  letter  O 
of  the  Roman  alphabet.  Pi  is  similar  to  the  Eta,  or  the 
letter  H,  without  the  horizontal  fine  line.  Rho,  the  Greek 
letter  R,  is  identical  with  the  Roman  letter  P,  except  as  to 
the  spurs.  Sigma,  the  Greek  letter  S,  is  unlike,  in  its  gen- 
eral appearance,  anything  in  the  Roman  alphabet,  but  its 
slanting  stroke  and  fine  line  are  the  same  inclination  as  those 
of  the  X.     Tau  is  similar  to  the  Roman  T.     In  the  Greek, 
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Upsilon  is  the  character  that  stands  for  the  Roman  letter  Y, 
to  which  it  is  closely  related  in  outline.  Phi,  Chi,  Psi,  and 
Omega,  the  last  four  letters  of  the  Greek  alphabet,  corre- 
spond to  Ph,  Ch,  Ps,  and  the  long  sound  of  O,  respectively. 
The  Phi  is  similar  to  a  letter  I  passed  through  a  low,  broad 
elHpse;  the  Chi  is  similar  to  the  Roman  X.  The  Psi  is  a 
character  .entirely  different  from  anything  we  have  heretofore 
met,  but  its  middle  stroke  is  the  same  as  the  middle  stroke 
of  the  Phi.  The  Omega  in  its  upper  half  is  similar  to  the  O. 
but  its  lower  portion  is  finished  with  horizontal  strokes  and 
spurs,  as  shown. 

146.  Among  the  minuscules,  there  is  less  resemblance 
to  the  Roman  characters  than  we  find  in  the  uncial  letters, 
and  many  letters  that  bear  a  resemblance  to  certain  Roman 
characters  do  not  correspond  with  those  characters  in  sound. 
The  Sigma  is  very  similar  to  the  Omicron,  and  closely 
resembles  an  inverted  Q,  totally  differeni  from  the  same 
character  in  the  uncial  alphabet,  or  to  the  letter  S  in  the 
Roman  alphabet,  for  which  it  stands.  Upsilon  closely 
resembles  an  Italic  v,  while  Omega  is  not  greatly  different 
from  w,  and  these  characters  themselves  are  entirely  differ- 
ent from  those  of  the  same  name  in  the  uncial  alphabet. 
The  letters  Beta,  Delta,  Zela,  Theta,  Lambda,  Phi,  and  Psi 
extend  their  lines  about  one-half  their  height  above  the  line. 
The  letters  Beta  and  Chi  extend  i  stroke  below  the  line, 
while  Gamma,  Mu,  Phi,  and  Psi  extend  one-half  their 
height  below  the  line. 

147.  It  is  not  necessary  to  remember  the  details  of  the 
shape  of  each  of  these  letters,  but  you  should  be  able  to 
proportion  them,  when  called  on,  according  to  the  rules 
laid  down,  and  should  also  know  when  and  where  to  apply 
the  uncial  letter  or  the  minuscule. 

The  upper  and  lower  lines  confining  the  letters  should  be 
drawn  first,  the  letter  A  located  in  its  proper  place  and  drawn 

^  in  ink.  and  then,  after  approximately  spacing  the  distances, 
the  vertical  lines  of  the  letters  B,  G,  D,  E,  etc.  should  be 

I  drawn  in  ink,  without  further  instructions.     After  this  plate 
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is  finished,  make  a  careful  comparison  of  each  letter  of  your 
plate  with  that  of  the  copy,  and  endeavor  to  criticize  and 
detect  for  yourself  any  irregularity  or  error  that  may  exist. 
If  this  errbr  is  in  proportioning  of  the  letter,  correct  it 
before  your  plate  is  sent  in  to  the  Schools  for  correction;  if 
it  is  merely  an  error  of  location  or  spacing,  let  tt  stand, 
unless  very  serious,  and  it  will  not  be  counted.  When 
satisfied  that  every  detail  is  up  to  the  standard,  insert 
the  date  in  the  lower  left-hand  corner  and  the  name  and 
class  letters  and  number  in  the  lower  right-hand  c 


PLATE,  TITLKj   HE?.RY  VU 

148.  The  nenry  VII  letter  dates  back  to  the  beginning 
of  the  16th  century,  and  takes  its  name  from  the  Chapel  in 
Westminster  Abbey,  London,  which  was  built  for  King 
Henry  VIL  and  in  which  his  dust  now  lies.  The  letter  was 
designed  to  conform  to  the  style  of  architecture  prevailing 
at  that  time,  and  was  used  for  carvings  and  inscriptions 
throughout  the  Chapel.  Its  modem  use  is  associated  more 
with  engrossing  and  ecclesiastical  work;  it  is  never  used 
for  carving  in  stone,  though  it  is  especially  applicable 
for  designs  in  pyrography,  or  etching  on  cork,  leather,- 
bone,  and  ivory. 

149.  The  letters  of  this  plate  are  divided  into  four  lines, 
each  Ij  inches  high  and  spaced  i  inch  apart,  and  the  lower 
line  but  i*«  inch  above  the  lower  border.  The  title  is  A  inch 
high  and  iS  inch  above  the  top  line  of  letters.  The  average 
width  of  these  letters  is  U  inches,  a  characteristic  that  did 
not  exist  in  the  original  designs  in  Westminster  Abbey.  A 
peculiarity  of  Gothic  art  and  architecture  was  that  not  the 
slightest  attention  was  ever  given  to  symmetry  or  uniformity 
in  detail,  and  consequenlly  the  lettering  at  the  close  of  this 
period  is  singularly  marked  with  irregular  eccentricities. 
Modem  taste,  however,  demands  a  certain  amount  of  decor- 
ous uniformity,  and  these  letters  have  been  modernized  to 
that  extent,  in  order  to  make  a  serviceable  alphabet. 


K 

^ 
fe 


1 


w^ 


0*0 
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150.  The  letters  M  and  W  are  ll  inches  and  2  inches 
wide,  respectively,  B,  C,  E,  and  F  are  li  inches  wide,  and  the 
letter  L  is  li  inches  wide  over  all.  The  round  strokes  at 
(heir  maximum  thickness  are  i  inch,  and  the  fine  line  is 
iV  inch.  The  dots  at  the  ends  of  the  stroke  are  4  inch  in 
diameter,  as  are  also  the  circular  white  openings  at  the  point 
where  the  stroke  reaches  its  maximum  width.  The  balls  used 
in  the  center  of  the  concave  strokes  are  i  inch  in  diameter; 
the  only  case  where  one  of  these  ball  forms  is  used  at  the 
end  of  a  stroke  is  in  the  letter  U,  this  detail  being  there  but 
iV  inch  in  diameter.  In  the  middle  of  the  letters  A,  B.  and  M, 
a  floral  device  is  used,  varying  somewhat  in  the  different 
letters,  but  all  based  on  the  trefoil,  or  fleur-de-lis,  ornament 
characteristic  of  the  period.  It  will  be  observed  that  a  short 
flat  spur  projects  each  side  of  the  white  disks  or  balls  enter- 
ing into  the  broadest  parts  of  the  strokes.  The  straight  lines, 
or  beveled  ends,  of  these  spurs  are  drawn  from  a  point  in  the 
center  of  the  while  disk. 

151.  This  alphabet  naturally  has  wide  exceptions  from 
the  general  rules  laid  down  for  the  conventional  alphabets 
heretofore  described.  These  eccentricities  are  permitted 
simply  because  the  letter  had  its  origin  in  a  class  of  work 
where  the  information  conveyed  to  the  reader  was  secondary 
to  the  ornament  of  the  letter  itself.  For  instance,  the  title 
Henry  VII  carved  elaborately  on  a  tablet,  was  put  there  to 
ornament  that  tablet,  and  the  information  that  it  is  the  name 
of  the  dead  king  is  secondary,  because  the  observer  has  time 
to  decipher  its  meaning  from  the  beauty  of  the  detail.  The 
letters  D,0,  and  Q  are  precisely  alike  in  this  alphabet,  with 
the  exceptions  of  the  tail  added  to  the  bottom  of  the  Q  and 
the  ball  at  the  top  of  its  fine  tine,  and  the  tail  added  to  the 
top  of  the  D.  The  vertical  strokes  of  all  letters  that  possess 
such  are  identical,  and  the  middle  strokes  of  the  letters  F  and 
H  are  made  thicker  than  the  fine  lines. 

152.  In  drawing  this  plate,  first  outline  the  letters  in 
pencil,  omitting  all  attempts  at  ornamentation,  and  rounding 
the  corves  as  evenly  as  possible  to  their  joints  with  the  stroke 
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and  fine  line,  in  the  same  manner  as  if  he  were  laying  out  a 
Medieval  alphabet.  The  balls,  hollows,  foliated  work,  and 
other  ornamentation  can  then  be  added,  and  when  all  is  in 
place  ihe  plate  may  be  inked.  In  inking  the  plate,  it  is 
advisable  to  ink  in  all  the  balls  and  ornamental  work  first, 
and  draw  the  plain  and  simpler  parts  of  the  letters  afterwards, 
as  it  is  much  easier  to  connect  straight  or  evenly  curved  lines 
to  a  detail  than  it  is  to  plant  this  detail  on  the  lines  in  ques- 
tion. After  the  plate  is  complete  and  blacked  in,  insert  the 
date  in  the  lower  left-hand  corner,  and  the  name  and  class 
letters  and  niunber  in  the  lower  right-hand  comer. 


PIRATE,   TITLE:   MONOGRAMS 

153.  The  origin  and  date  of  letters  woven  together  in 
the  form  of  a  monogram  cannot  be  exactly  located.  It  is 
of  most  ancient  origin,  however,  the  earliest  record  on  which 
we  can  place  any  reliability  being  about  the  3d  or  4th  century. 
As  far  back  as  the  time  of  Constantine,  the  monogram  of  the 

.two  Greek  letters,  shown  in  No.  2  of  this  plate,  were  carried 
on  the  banners  in  warfare.  This  device,  taken  from  the 
labamm,  may  be  classified  as  an  ideogram  as  well  as  a 
monogram.  The  two  Greek  letters  Chi  and  Rho  stand  for 
Christ,  being  the  first  two  letters  of  the  name.  It  was 
usually  employed  in  connection  with  other  designs. 

154.  The  monogram  shown  in  No.  1  is  a  text-hand 
letter,  interwoven  in  a  somewhat  florid  style,  so  as  to  be 
suitable  for  embroidery.  The  form  observed  at  No.  3  is  a 
backhand  script  used  largely  by  engravers  and  coach  painters. 
No.  4  is  a  straight-line  design,  more  especially  adaptable  for 
work  in  gold,  as  gold  lines  appear  so  much  heavier  to  the 
eye  than  any  color,  and  the  lines  of  this  alone  are  particu- 
larly fine.  In  No.  5  is  shown  a  monogram  laid  in  Old 
English  letters,  used  to  illustrate  the  fact  that,  complicated 
as  these  letters  are  in  themselves,  they  are,  nevertheless,  sus- 
ceptible of  being  interwoven  into  a  monogram.  In  No.  6  is 
shown  the  opposite  of  No.  4.  an  interlacing  of  heavy  letters, 
and  is  usually  applied  to  such   form  of  monogram  as  will 


140  THE   FORMATION  OF   LETTERS  §5 

permit  of  the  letters  being  drawn  in  outline.  In  No.  7  is  an 
illuminated  capital  letter  A  surrounded  by  another  letter  with 
which  it  does  not  even  come  in  contact,  and  though  smaller 
than  either  the  C  or  J  in  the  same  monogram,  it  is  the  most 
prominent  letter  in  it.  No.  Sis  a  light-faced  letter  combined  to 
form  a  monogram  suitable  for  a  firm  name — A.P.  &Co.  No. 9 
is  a  design  very  elaborately  carried  out  by  an  interweaving 
of  three  letters,  showing  how  compact  a  design  may  be 
made.  No,  10  is  a  design  of  the  letters  W  W  A,  the  second 
letter  being  reversed,  which  is  permissible  in  some  cases  for 
this  style  of  design.  No.  11  is  similar  to  No.  3,  except  that 
the  inclination  of  the  letters  is  in  the  opposite  direction. 

155.  In  executing  this  plate,  first  study  the  letters  and 
determine  to  what  style  each  particularly  belongs.  For 
instance,  in  No.  8  you  will  observe,  in  the  light  stroke  and 
heavy  tine  line,  a  resemblance  to  the  light  French  Roman 
letter.  In  No.  6  a  resemblance  to  heavy  Egyptian  can  be 
seen,  while  No.  2  is  essentially  a  Roman  letter.  It  may 
be  desirable  to  divide  each  monogram  of  the  plate  imo 
a  number  of  squares  (making  very  light  pencil  lines  only), 
then  draw  your  own  plate  in  a  similar  number  of  larger  squares, 
and  note  the  point  in  each  square  where  the  most  lines  of 
each  letter  occur,  thereby  ouliining  the  whole.  For  instance, 
to  draw  monogram  No.  1,  draw  its  bottom  line  4|  inches  above 
the  lower  border  line.  Then  make  a  rectangle,  the  left  side 
of  which  is  i  inch  from  the  left  border  line,  the  height  of 
which  is  3  inches,  and  the  width  Zi  inches.  If  this  rectangle 
is  divided  into  squares  of  i  inch  each',  the  extreme  left-hand 
portion  of  the  monogram  will  touch  the  left-hand  line  in  the 
fourth  square  above  the  bottom,  as  also  will  the  right  extreme 
curve  touch  the  line  in  a  corresponding  location. 

156.  By  dividing  the  rectangle  that  encloses  monogram 
No.  1,  of  the  plate,  into  small  squares,  fourteen  horizontally 
and  twelve  vertically,  it  is  possible  to  proportion  every  detail 
of  the  monogram  by  locating  its  position  in  each  square,  and 
so  locating  it  on  the  plate.  Do  this  with  No.  1,  using  this 
method   in   drawing   each   of   the    succeeding   monograms, 
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locatins:  them  on  the  plate  according  to  their  relative  positions 
on  the  oris^inal  design,  and  drawing  them  all  in  outline. 
After  completing  the  work,  clean  all  pencil  marks  and  guide 
lines  from  the  plate.  Though  it  is  desirable  that  as  much  of 
the  work  as  possible  be  done' freehand,  it  is  perfectly  permis- 
sible to  use  the  triangle  and  ruling  pen  to  execute  any  portion 
of  this  work,  as  it  is  essentially  a  work  of  precision,  and  from 
a  practical  standpoint  is  of  no  value  unless  neatly,  accurately^ 
and  systematically  carried  out.  Therefore,  it  is  wise  to  draw 
each  monogram  separately  on  a  piece  of  paper,  where  it  can 
be  altered  and  erased  as  many  times  as  necessary  to  insure 
its  perfection,  after  which,  with  the  practice  and  experience 
gained,  it  may  be  reproduced  on  the  drawing  plate.  After 
completing  the  plate,  insert  the  date  in  its  usual  place,  arid 
the  name  and  class  letters  and  number  in  the  lower  right-band 
comer.  

PLATE,  TITLE:   INDEXES  AND  BANDS 

157.  The  principal  figures  shown  on  this  plate  are  right 
and  left  index  hands,  the  proportions  of  which  are  h-tre  gsven 
in  sncfa  simple  terms  that  no  difficu'.ty  should  be  ezp^rrietsci^ 
in  laying  them  out  at  any  time  from  memory,  by  >>oat;rig  the 


».-,  :: 


f- 


Tn^'A 


'^  '/ir,r  '.'  *'.  *;  '.vy: 


^ ai3^    ^» 


rt    t-.'p    'J-X 


^  _ 
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point  i:^  ae  ec^  ^-f  ±»»  cz£.  cr.  zn  ocber  mvris.  rr^ce  mK 
Fie-  15,  egial  t:-  /  ~  =ake  :be  ciscarsce  fron  x.  :be  kxi  of 

This  iTJ^Tntfy  fcii«zji  be  ?j  inches  cs  vozr  crairiEg.  'orhkh  is 
also  ibe  ir^nryy  frcrz:  ibe  top  of  ihe  ci:£  to  ibe  cv>»i  sieeve, 
or  frci=  r  zr^  f.  Tbe  ci5t=2c«  fror^  j;  t:>  s^.  ^*  :c»  /,  /  xo  i,  aad 
ifr  to  I  is  It  iD±tt*-  i5  is  sis-:,  the  cisiszce  frorn  '  :o  c,    Widi 

ts  £xcc  :z  mind, ::  will  juwajrs  be  a  simjCe 


matter  tv  iar  c?zi  a  wc!I-pnoport:o::ed  incex  ba^d. 

159.  It  is  rrci  al-BaTs  secessarv  thai  the  isdex  sbot:ilc  be 
shaded.  b=t  -Brbere  stacb  is  irzperatire,  full  sinezgth  sboxild 
be  2^Te3i-  mbere  necessary,  in  order  lo  brin^g:  out  the  drawing 
ic  relief-  Tbe  lower  side  sbotild  always  be  shaded  xcncli 
stronger  than  tbe  top,  and  tbe  shade  of  the  coat  sleeve 
should  faoe  fjzx  softly  toward  the  edges,  where  ::  disappears 
into  ib&  while  of  ibe  paper.  Be  careful  t:ot  to  show  the 
joints  of  t2ie  rngcr  and  thumb  too  protnineutly,  as  they  only 
require  tbe  ntere  suggestion.  The  right  index  is  approxi- 
mately tbe  san:e  as  tbe  left  in  every  respect,  but  K>th  should 
be  practiced  with  eqt:ial  attention,  as  i:  frequently  happens 
that  a  designer  is  capable  of  drawing  a  right-hand  index 
eatieiLelT  well,  and  is  utterlv  unable  to  execute  the  same 
figure  in  tbe  opposite  direction. 

160.  The  bands  on  this  plate  are  extremely  simple  and 
require  vert-  little  explanation.  They  m.\y  be  used  as 
borders  to  tablets  or  signs,  or,  in  son^.e  cases,  may  be 
stenciled  and  afterwards  filled  in.  or.  with  s'.:<:ht  variation, 
may  be  tised  as  dividing  parts  in  an  inscription,  providov! 
suitable  foliated  or  geometrical  enos  for:n  their  torniina'.s. 
In  laying  them  out.  the  top  line  oi  No.  1  is  bnt  :  inch  bo'.ow 
tbe  upper  border  line,  and  the  bottom  line  of  No.  S  is  i  inch 
above  the  lower  border  line.  Nos.  3.  4,  and  3  are  each 
t  inch  high,  while  Nos.  2,  6,  and  7  are  only  ?  inch  hi^h. 
No.  8  is  but  i  inch  high.     They  should  be  drawn  to  reach  to 
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within  i  inch  of  the  right-hand  border,  and  may  be  finished 
in  an  irregular  manner  when  the  motive  is  shown.  The 
length  of  these  bands  is  4|  inches. 

In  drawing  these,  the  T  square  and  triangle  may  be  used 
to  execute  the  straight  lines,  as  well  as  the  compasses  for 
carrying  out  the  curves,  with  the  exception  of  Nos.  3,  5, 
and  6,  which  must  be  executed  entirely  freehand.  Proportion 
each  part  carefully;  no  matter  how  simple,  do  not  hurry  the 
work,  and,  when  complete,  shade  the  indexes  and  black  in  the 
borders  like  the  original  plate,  insert  the  date  in  the  lower 
left-hand  corner,  and  the  name  and  class  letters  and  number 
in  the  lower  right-hand  comer  of  the  plate. 


PLATE,  TTTLEi   1N8CBIPT10N  DESIGN  | 

161.  In  the  example  of  Inscription  Design  chosen, 
a  variety  of  treatment  has  been  introduced  to  exemplify  a 
harmony  in  the  coloring  of  the  design,  and  to  illustrate  the 
several  methods  used  to  embellish  various  parts  that  will  add 
strength  and  legibility  lo  the  whole.  It  should  not  be  under- 
stood that  colored  designs  require  extensive  treatment  in  all 
cases,  as  broad  washes  and  few  colors  make  a  design  that 
is  often  preferable  to  one  that  is  overloaded  with  carefully 
studied  coloring  and  an  abundance  of  detail  in  its  composition. 

162.  To  draw  the  plate,  use  only  T.  S.  Co.'s  cold-pressed 
drawing  paper  15  inches  by  20  inches,  and  a  4H  lead  pencil. 
Make  as  few  pencil  marks  as  possible,  as  these  must  be 
lightly  erased  before  the  water  color  is  applied.  Beginningf 
at  the  lop  edge  of  drawing  paper,  locate  the  palette,  which 
is  1  inch  from  top  edge  and  I  inch  from  side.  The  extreme 
width  of  the  top  of  palette,  measuring  from  the  left  edge  of 
paper,  is  5i  inches,  the  lower  portion  Is  5|  inches.  The  title 
is  1  inch  from  lop  edge  and  t  inch  high.  The  top  edge  of 
panel  is  2f  inches  from  top  edge  of  paper,  the  bottom  of  panel 
is  6  inches.  The  band  at  top  and  bottom  of  panel  is  i  inch 
wide.  The  letters  of  the  panel  are  Ij  inches.  The  end  of 
panel  is  li  inches  from  right  edge  of  paper.  The  yellow  panel 
is  i  inch  from  right  edge.  lOS  inches  long,  and  4  inches  wide 
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in  center.  The  word  Composition  is  Si*"  inches  from  bottom 
edge  of  paper.  The  letters  are  li  inches  high.  The  word 
Utility  is  5A  inches  from  bottom  edge,  and  i  inch  high. 
The  green  panel  is  21  inches  from  bottom  edge  and  3b  inches 
high,  6i  inches  from  left  edge  and  lOf  inches  from  right  . 
edge  to  short  vertical  line.  With  these  measurements,  the 
general  arrangement  of  the  design  may  be  accurately  fol- 
lowed. To  space  the  letters  and  follow  their  formation  as 
shown  in  the  copy  should  not  require  instruction  on  this 
final  plate. 


163.  Colors  should  not  be  applied  until  the  black  lines 
are  drawn  and  lettering  is  done  as  far  as  possible.  First,  cut 
in  the  letters  on  the  palette,  and  outline  the  long  panel;  then 
letter  the  words  The  Utility  in  the  Composition.  Now  begin 
on  the  color  work  by  blending  the  long  panel,  beginning 
with  the  mauve  purple.  The  pink  should  be  an  opaque 
color,  made  so  by  the  addition  of  white.  The  colors  of  the 
band  of  the  panel  are  orange  chrome,  burnt  sienna,  and 
black  blending  into  Prussian  blue.  The  shade  of  the  letters 
on  this  panel  blend  from  pure  mauve  purple  to  Indian  red, 
then  to  orange  vermilion.  The  space  between  the  shade 
and  the  letter  is  filled  in  with  gold  color  and  burnt  sienna, 
ending  with  clear  white.  The  rococo  panel  should  be 
blended  before  the  ornamental  edge  or  the  lettering  is  done. 
Orange  chrome  in  white  should  be  used  for  the  light,  and 
burnt  sienna  for  the  dark  portion  of  the  panel.  For  the 
darkest  shades  of  the  ornamental  edge  add  black  to  burnt 
sienna.  For  the  darkest  shade  on  the  word  Design  use 
crimson  lake.  The  ornamental  border  of  panel  should  now 
be  executed  and  the  lettering  of  the  design  completed.  The 
green  panel  should  be  first  laid  in  with  a  medium  shade  of 
green,  the  lightest  shade  should  then  be  applied,  using  a 
little  white  in  combination  with  the  green.  The  darkest 
shade  is  changed  from  a  green  shade  to  a  reddish  tone  by 
the  addition  of  burnt  sienna.  The  shading  of  the  letters 
and  panels  should  now  be  done,  using  a  natural  shade  made 
of  charcoal  gray  and  a  slight  Amount  of  orange  chrome. 
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The  second  shade  is  produced  with  the  addition  of  charcoal 
gray  only.  The  second  shade  in  the  word  composition  is 
made  by  adding  Indian  red  to  the  natural  shade,  strengthen- 
ing this  with  crimson  lake  on  the  first  two  letters  of  the 
word.  White  is  then  run  in  between  the  shade  and  the 
letter  on  the  green  panel,  as  well  as  between  the  shade  and 
the  letters  of  the  two  large  panels.  In  extending  the  orna- 
ment from  the  green  panel,  care  should  be  exercised  to 
make  the  curves  of  the  ornament  symmetrical,  and  to  keep 
the  shade  of  the  green  light  rather  than  dark,  as  in  the  latter 
case  it  will  tend  to  confuse  the  ornament  with  the  lettering. 
On  the  completion  of  the  design,  sign  your  name  in  small 
neat  letters  either  printed  or  written.  Also  attach  your 
class  letters  and  number  as  usual  in  the  right  comer,  and  the 
date  of  the  completion  of  the  work  in  the  left. 
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rNTRODUCTION 


DIVISIONS   OF  THE   SUBJECT 

1.  While  every  drawing  executed  by  means  of  the 
T  square,  triangles,  and  other  drawing  instruments,  is  a 
mechanical  drawings  this  term  is  usually  restricted  to  draw- 
ings representing  machines,  machine  parts,  and  objects 
used  in  the  mechanic  arts.  In  recognition  of  this  restricted 
meaning  of  mechanical  drawing,  the  term  **  geometrical 
drawing  "  was  used  in  the  preceding  paper  to  signify  that 
the  subjects  treated  dealt  with  those  general  geometrical 
principles  that  form  the  foundation  of  all  instrumental 
drawing. 

A  mecbanlcal  drawings  is  the  language  employed  by 
the  designer  of  machinery  to  convey  his  ideas  to  others;  as, 
for  instance,  to  the  workman  who  is  to  construct  the  part  or 
machine  represented. 

!3«  A  workman  that  constructs  a  machine  or  machine 
part  from  drawings  is  said  to  **work  to  drawings,"  and 
requires  not  only  a  true  representation  of  the  object  to  be 
made,  but  all  its  dimensions  as  well.  The  drawing  must 
also  give  other  instructions,  such  as  the  material  to  be  used, 
method  of  manufacture,  etc.  A  mechanical  drawing  of  this 
kind  is  called  a  working  drawing. 

§U 

For  notice  of  copyright,  see  page  immediately  following  the  title  page. 


3  MECHANICAL   DRAWING  1 14 

3.  While  the  systems  used  in  the  drawing  offices  of  the 
leading  manufacturing  companies  for  producing  drawings 
vary  in  many  important  details,  it  should  be  noted  that 
good  drawings  made  in  one  office  can  be  read  in  others,  and 
that  the  parts  represented  can  be  made  in  other  shops,  even 
when  office  and  shop  practice  differ  to  a  marked  degree. 
In  general  all  mechanical  drawings  are  made  as  plain  as 
possible,  shading  and  other  aids  to  the  eye  being  omitted 
except  on  complicated  drawings,  when  shading  is  occasion- 
ally resorted  to  in  order  to  bring  out  the  important  features 
of  the  design.  The  shading  of  surfaces,  lines,  and  holes  is 
becoming  less  and  less  common,  but  when  used,  the  instruc- 
tions given  in  Geometrical  Drawing  will  be  followed. 

It  is  not  good  practice  to  spend  time  on  elaborate  titles  or 
figures.  Plain  letters,  easily  read,  serve  all  purposes  and  do 
not  waste  the  time  of  the  draftsman. 

The  methods  here  described  are  those  which  have  been 
found  to  be  the  most  representative  and  complete,  and  the 
student  can  easily  adapt  himself  to  any  local  regulation,  if 
the  principles  here  explained  do  not  agree  in  every  par- 
ticular with  the  practice  in  the  office  in  which  he  first  starts 
as  draftsman. 


WOBKENG  DRAWINGS 


KINDS    OF    WORKING    DRAWINGS 


I 


4.  Worktugr  drawings  are  divided  into  two   genen 
classes,  namely :  assemblj/y  or  general,  drawings  and  detail 
dra'ivings. 

Assembly,  or  gieneral,  drawtnss  show  the  workman  the 
relation  between,  and  the  places  or  positions  occupied  by 
the  component  parts  of  a  structure,  machine,  device,  fix- 
ture, implement,  etc.  If  any  dimensions  are  given,  they 
are  usually  only  the  leading  ones. 

5.  Detail  dra^ringa  show  the  exact  shape  and  size  of 
each  integral  part.     For  this  purpose  they  are  supplied  with 
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all  the  dimensions  required  by  the  workman  and  any  addi- 
tional explanatory  notes  that  the  draftsman  may  consider 
necessary. 

Detail  drawings  may  be  made  so  complete  that  they  will 
answer  for  the  patternmaker,  blacksmith,  and  machinist, 
and  they  are  usually  so  made  in  the  smaller  shops.  In  the 
large  shops,  however,  separate  drawings  are  often  made  for 
these  men ;  the  detail  drawing  for  the  use  of  the  pattern- 
maker then  contains  only  the  dimensions  and  notes  needed 
by  him  to  make  the  pattern;  that  for  the  blacksmith  con- 
tains only  the  dimensions  needed  for  making  the  forging; 
and,  finally,  that  for  the  machinist  contains  only  the  dimen- 
sions needed  by  him. 

6.  Attention  is  called  to  the  fact  that  practice  varies  in 
regard  to  the  dimensions  given  on  detail  drawings,  at  least 
as  far  as  drawings  for  the  patternmaker  and  blacksmith  are 
concerned.  In  some  places,  the  dimensions  given  represent 
the  size  the  object  is  to  be  when  finished ;  hence,  the  black- 
smith or  patternmaker  must  make  necessary  finishing  allow- 
ances himself.  In  other  places  the  finishing  allowance  is 
made  by  the  draftsman ;  the  dimensions  given  are  then  those 
of  the  pattern  or  forging.  If  in  doubt  about  the  practice 
followed  in  a  particular  drawing  office,  find  out  by  inquiry 
what  system  is  used. 

In  the  drawings  which  follow,  the  finished  dimensions 
only  are  given,  the  necessary  allowances  being  made  by  the 
patternmaker  or  blacksmith. 


SCAIiES 


7.  It  is  seldom  convenient  to  make  the  drawing  of  a  part 
full,  or  life,  size,  it  being  more  often  necessary  to  show  the 
part  as  reduced  in  size.  Thus,  supposing  it  is  desired  to 
make  a  drawing  ^  size,  then  12"  on  the  object  will  be  rep- 
resented by  3"  on  the  drawing,  hence  if  3"  is  laid  off  and 
divided  into  12  equal  parts,  each  of  these  parts  will  repre- 
sent 1"  on  the  object.     If  these  parts  are  subdivided  into  2, 
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4,  or  8  parts,  each  will  represent  i",  i",  or  |" 
on  the  object,  A  scale  of  this  kind  is  called 
a  J  scale,  or  a  spale  of  3"  to  the  foot.  A 
g  scale,  or  a  scale  of  ig"  to  the  foot,  is 
constructed  in  the  same  way,  except  that  IJ" 
would  be  laid  off  instead  of  3". 

In  some  cases,  the  scale  is  increased  as  in 
small  machines,  such  as  instruments,  etc. 

ff+rp  8.    The  dimensions  given  on   a  drawing 

are  always  followed  and  it  is  seldom  neces- 
sary to  state  the  scale  to  which  drawings  are 
made,  although  this  may  be  done  if  it  in  any 
way  adds  to  the  clearness  of  the  drawing. 
It  is  common  practice  to  have  parts  on  the 
same  detailed  sheet  drawn  to  different  scales, 
the  more  complicated  parts  being  drawn  as 
near  full  size  as  possible,  and  the  less  compli- 
cated parts  being  drawn  to  a  much  reduced 
scale. 

9.  Fig.  1  shows  a  scale  which  is  conve- 
nient for  the  student,  inasmuch  as  it  com- 
bines eleven  systems  of  subdivision  and 
may  be  used  for  all  the  work  ordinarily 
done  in  a  drafting  room.  This  scale  is  tri- 
angular in  section  and  12  inches  in  length, 
and  on  each  of  its  edges  there  is  laid  off  a 
scale,  as  shown  zi  A,  B,  and  G.  The  scale 
at  G \s  "full  size  ";  that  is,  this  edge  of  the 
scale  is  divided  into  inches  and  fractions  of 
an  inch  down  to  sixteenths,  and  is  used  for 
drawings  in  which  an  object  is  represented 
in  its  natural  size.  On  its  opposite  side, 
at  B,  is  shown  the  quarter-size  scale  of 
3"  =  1ft,  Thefirst  3-inch  (actual  size)  divi- 
sion, from  B  to  C,  is  subdivided  into  \%  parts 
representing  inches,  and  each  inch  is  then 
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divided  into  proportional  fractions  of  an  inch,  generally 
eighths.  From  C  to  D,  D  to  E,  and  £  to  F,  the  scale  is 
marked  in  its  main  divisions  of  1  foot  each,  each  foot 
being  3"  long,  actual  size.  From  ^^  to  ^  the  scale  is  inde- 
pendently divided  into  spaces  of  IJ"  (actual  size)  to  form 
an  eighth-size  scale,  or  IJ"  =  1  ft.,  the  divisions  of  the 
latter  occurring  on  and  between  the  marks  for  the  3" 
=  1  ft.  scale. 

The  other  sides  and  edges  of  the  instrument  are  divided 
into  scales  of  1"  and  J",  }"  and  |",  ^"  and  J",  and  ■^" 
and  ^f"  to  the  foot.  Different  makers  do  not  always  arrange 
their  scales  in  the  same  manner.  Thus,  instead  of  having 
a  full-size  scale  and  scales  of  3"  =  1  ft,  and  IJ"  =  1  ft. 
on  one  side,  as  shown  in  Fig,  1,  some  makers  have  the  full- 
sixe  scale  and  -^"  =  1  ft.  and  ^"  =  1  ft.  on  one  side.  It 
will  be  observed  thai  the  numbering  of  the  feet  on  these  scales 
does  not  start  at  the  end  of  the  instrument,  but  at  the  first 
main  division  from  the  end.  Thus,  on  the  quarter-size  scale 
the  zero  mark  is  placed  at  C  and  the  first  foot  is  measured 
to  D.  This  is  done  so  that  the  feet  and  inches  may  be 
laid  off  independently  and  with  one  reading  of  the  scale. 

The  figures  indicating  the  number  of  feet  on  this  scale 
are  placed  along  the  inside  edge  at  D,  £,  and  F,  the  num- 
bers running  in  a  direction  away  from  the  part  containing 
.  the  inches.  The  numbers  indicating  inches  run  in  an  oppo- 
site direction  from  those  defining  the  feet. 

lO,  To  lay  ofl?  3  ft.  3 J"  on  a  scale  of  3"  =  1  ft.,  and 
from  a  given  point,  place  the  scale  on  the  point  so  that  the 
a-foot  mark  will  be  directly  over  it;  then  from  the  zero 
mark  C  lay  off  3J",  as  shown,  locating  a  second  point,  The 
length  of  the  distance  thus  laid  off  between  the  two  points 
represents  2  ft.  3f".  The  scale  of  1^"  =  1  ft.  is  used  in  a 
similar  manner  to  lay  off  the  same  distance.  The  figures 
indicating  feet  on  this  scale  are  placed  nearer  the  edge,  in 
order  to  prevent  confusion  in  reading. 

To  draw  to  half  size,  or  to  a  scale  of  6"  =  1  ft,,  use  the 
full-size  scale,  and  remember  that  every  ^"  on  that  scale 
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corresponds  to  1"  on  the  object ;  that  is,  that  every  dimen- 
sion is  only  one-half  of  the  real  length.  To  lay  off  5|!'.  lay 
off  5  half  inches  and  ^"  over;  the  result  is  a  line  6J"  long 
to  a  scale  of  6"  =  1  ft. 

11.  It  may  happen  that  a  draftsman  is  obliged  to  make 
a  scale,  when  the  size  of  his  plate  is  limited  and  a  generaJ 
drawing  of  some  object  is  desired.  In  such  a  case,  one 
scale  may  be  too  large  to  enable  the  drawing  to  be  made  on 
a  sheet  of  the  required  size;  another  scale  may  make  it  loo 
small  to  show  up  well,  For  example,  a  ^  scale  may  be  too 
large  and  a  ^  scale  too  small;  a  -j^  scale  may  he  just  right. 
If  the  draftsman  has  no  ^  scale  (that  is,  a  scale  of  1  inch 
to  the  foot),  he  may  make  one  by  taking  a  piece  of  heavy 
drawing  paper  and  cutting  out  a  strip  about  the  size  of 
an  ordinary  scale  and  laying  off  the  inch  divisions  on  it. 
Each  division  or  part  will  represent  1  foot  on  the  object. 
Divide  one  of  the  end  parts  into  I'Z  equal  parts  and 
each  will  represent  1  inch  on  the  object.  Lines  indica- 
ting half  and  quarter  inches  may  be  drawn  if  considered 
necessary. 

Fig.  'i  shows  part  of  a  scale  made  in  this  manner,  giving 


feet,  inches,  and  half-inches — the  quarters,  eighths,  etc.  of  * 
an  inch  being  judged  by  the  eye. 

To  make  a  ^  scale,  lay  off  12"  and  divide  this  distance  into 
5  equal  parts,  using  one  of  the  methods  described  in  Geo- 
metricai  Drawing.  Using  the  same  method,  divide  one  of 
the  end  divisions  into  12  equal  parts,  to  represent  inches, 
and  then  divide  each  of  these  parts  into  halves,  quartq 
,  eighths,  etc. 
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DUTIES   OF   DRAFTSMEN 

12.  A  brief  description  of  the  duties  of  the  draftsman, 
according  to  his  rank  and  experience  in  the  modern  drafting 
room,  is  given  herewith.  There  are  usually  three,  and 
sometimes  four,  grades  of  men : 

1.  The  designer^  who,  as  his  name  indicates,  designs  the 
apparatus. 

2.  The  leadings  or  head,  draftsman,  who  takes  the  ideas 
of  the  designer  and  works  them  up  into  practical  form.  Very 
often  the  designer  does  his  own  laying-out  work,  and  in  such 
case,  fills  both  the  position  of  leading  draftsman  and  designer. 

3.  The  detailer^  who  works  either  directly  or  indirectly 
for  the  leading  draftsman,  takes  his  assembly  drawings  and 
makes  up  the  details,  calling  for  proper  material,  parts,  and 
quantities.  His  work  approaches  more  and  more  nearly  to 
that  of  the  leading  draftsman,  as  he  gains  in  skill  and  famil- 
iarity with  the  machine  designed. 

4.  The  tracer,  who  takes  the  pencil  detail  drawings,  and 
makes  tracings  for  reproduction,  his  work  in  turn  approaches 
more  and  more  nearly  the  work  of  the  detail  draftsman  as 
he  gains  in  skill  and  experience.  It  is  probable  that  the 
young  man  who  starts  work  without  previous  practical 
experience  will  start  work  as  a  tracer.  If  he  does  this  work 
neatly  and  intelligently,  he  can  count  upon  promotion  to  the 
more  responsible  position  of  detail  draftsman,  if  opportunity 
offers,  from  which  position  he  can  then  advance  himself 
higher  and  higher. 

13*  The  necessity  of  carefully  following  all  instruc- 
tions in  making  tracings  cannot  be  too  forcibly  presented. 
Slovenly  work  will  at  once  create  a  bad  impression,  while 
painstaking  work,  and  carefully  made  and  presentable  tra- 
cings, will  immediately  place  the  tracer  in  favorable  standing 
with  his  employers  At  the  start  it  is  better  to  work  slowly 
until  the  subject  presented  is  well  in  hand  and  perfectly  under- 
stood.    While-  speed  is  important,  accuracy  must  come  first. 
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GBNERAIi   INSTRUCTIONS 

14.  The  general  instructions  which  follow,  apply  to  all 
the  mechanical-drawing  plates  treated  in  this  Section. 

From  the  start,  the  student  should  remember  that  it  is 
essential  to  do  neat  and  accurate  work ;  that  all  lines,  figures, 
and  letters  must  be  clear  cut  and  distinct;  that  there  must 
be  no  doubt  as  to  the  meaning  of  limits  or  dimensions;  that 
mistakes  made  on  drawings  are  often  more  serious  than 
errors  in  the  shop,  for  they  may  not  be  located  until  the 
various  parts  of  the  machine  are  to  be  assembled.  He  must 
also  keep  in  mind  the  necessity  of  making  drawings  concise, 
but  not  needlessly  complicated;  that  dimensions  are  not  to 
be  duplicated;  that  when  working  drawings  once  leave  his 
hands  marked  "complete"  it  should  not  be  necessary  to 
refer  to  him  for  further  particulars. 

15.  Size  or  Plates. — The  plates  are  to  be  of  the  same 
size  as  those  drawn  In  connection  with  Gcot/iflricai  Draw- 
ing, 14"  X  18",  with  border  lines  drawn  J"  from  edge,  making 
working  limits  of  drawing  13"  X  17". 

16.  Title  aod  Number  of  Drawing. — The  title  or 
name  of  drawing  is  to  be  placed  in  the  lower  right-hand 
corner  of  sheet,  and  a  space  of  1  j"  x  4"  is  to  be  reserved  for 
this  title;  the  height  will  vary,  but  the  length  will  always 
be  4".  In  addition  to  the  title  there  will  be  given  in  this 
space  the  number  of  the  drawing,  the  draftsman's  name, 
and  the  date  when  the  drawing  was  finished.  If  desired, 
the  date  can  also  be  given  when  drawing  was  started. 

17.  Fractions. ^Fractions  are  to  be  written  with  divi- 
ding line  horizontal,  thus:  \",  ^";  never  thus:  fi/16", 
with  dividing  line  inclined. 
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18.    Abbreviations. —Abbreviations  are  only  used  on 

drawings  when  lack  of  space  prevents  use  of  complete  word, 
although  there  are  a  few  aLibreviations  which  can  be  used 
without  hesitation,  having  been  practically  fixed  by  long 
practice,  thus:  D.  or  "  Diam."  for  diameter;  R.or"Rad." 
(or  radius;  "Thds."  for  threads;  f.  for  finish. 

10.  Definitions. — The  word  drill  placed  near  a  dimen- 
sion or  hole  is  always  taken  to  mean  that  a  hole  is  put 
through  the  object  by  drilling. 

Beam  or  reamed  placed  near  a  hole  means  that  the  hole 
is  finished  by  reaming. 

The  word  tap  following  a  dimension  and  a  number  always 
means  that  the  hole  is  to  be  finished  by  tapping  with  a  tap 
of  the  dimensions  given;  that  is,  "J-IS  tap"  would  mean 
that  the  hole  is  to  be  tapped  with  a  J"  tap,  13  threads  to 
the  inch. 

The  word  cored  implies  that  finish  is  unnecessary,  the 
hole  being  produced  by  a  core,  which  is  placed  in  the  mold 
when  the  casting  is  made.  Cores  are  arranged  for  by  the 
patternmaker. 

The  terms  shrlnlilng  fit,  driving  fit,  forced  flt,  and 
tnrainfc  flt,  always  imply  that  the  workman  is  to  make 
allowance  for  the  kind  of  fit  called  for,  all  holes  being  made 
to  nominal  dimensions,  and  the  allowance  necessary  made 
on  the  part  which  goes  into  the  hole. 

F  all  orer  means  machine  or  part  is  to  be  finished  all 
over. 

IVAen  wishing  to  convey  special  information,  write  your 
note  in  plain  English  so  that  it  cannot  be  misunderstood. 


SO.  IMmensIons. — At!  dimensions  above  24"  are  to  be 
flven  in  feet  and  inches,  the  inches  being  designated  by 
accent  (")  mark,  and  feet  by  abbreviation  ft.,  thus  6  ft.  4J"; 
never  use  accent  mark  for  feet,  as  there  is  then  danger  of 
Confusion, 

When  micrometer  or  gauge  measurements  are  required, 
all  dimensions   are   given   to   three  decimal  places;    thus. 
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1.000"  would  indicate  one  inch  measured  with  gauge  or 
micrometer;  6.350"  would  indicate  6\",  and  0,350"  would 
indicate  J"  measured  in  the  same  way.  Note  that  a  zero 
should  always  be  placed  ahead  of  the  decimal  point  when 
dimensions  are  less  than  one  inch;  this  avoids  all  confusion 
as  to  value  of  decimal. 

Where  possible  all  dimensions  should  be  given  so  as  to 
read  from  bottom  and  right-hand  side  of  drawing. 

Intermediate  dimensions  always  start  from  some  finished 
surface,  or  center  line,  this  giving  a  base  from  which  work 
can  be  checked. 


J 


PENCIL   DBA  WINGS    AND   TRACINGS 

31.  The  method  of 'making  working  drawings  diff< 
from  the  method  which  has-  been  followed  in  Geometrical 
Drawing,  the  pencil  drawing  not  being  inked  in.  In 
modern  shop  practice,  original  drawings  are  not  sent  to  the 
shop,  but  reproductions,  called  tracings,  arc  made  on 
traclnff  cloth,  which  is  a  cloth  made  semi-transparent  by 
sizing,  and  then  blueprints  are  made  from  the  tracings.  A 
description  of  the  blueprint  process  will  be  given  farther 
on.  Since  the  tracing  can  be  made  to  serve  as  an  original 
drawing,  it  is  not  necessary  to  ink  in  the  pencil  drawing, 
although  it  may  be  retained  as  a  record. 

Following  the  above  general  shop  practice,  the  drawings 
made  in  connection  with  the  study  of  ihis  subject  will  first 
be  made  in  pencil  and  afterwards  traced.  The  methods  to 
be  followed  in  making  the  pencil  drawing  will  be  those 
which  have  been  used  in  penciling  the  plates  in  Gfomelrkai 
Drawing.  ^ 


S!3.  For  the  pencil  drawing  a  good  grade  of  MaD^| 
paper  upon  which  lines  can  be  easily  drawn  and  erased  is 
sufficient.  The  tracing  cloth  is  then  placed  over  the  paper 
drawing  and  the  lines  inked  in  on  the  cloth.  All  ink  lines 
on  tracings  must  be  uniformly  black  without  regard  lo  the 
width  of  these  lines.     In  general,  the  lines  will  be  made 
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about  50  per  cent,  heavier  than  they  would  have  been  if 
inked  in  on  the  original  paper  drawing. 

At  first  it  will  be  found  very  difficult  to  get  fines  that  are 
distinct  and  uniformly  black,  but  by  strictly  following 
directions,  it  will  become  quite  as  easy  to  make  a  good 
tracing  as  it  is  to  ink  in  the  drawing  on  drawing  paper. 

The  plates  to  be  drawn  in  connection  with  this  subject  all 
have  numbers,  which  begin  with  1001.  They  are  to  be 
drawn  in  the  order  of  their  numbers. 


PIiATE    1001,  TTTIiBt 

PRACTICE  SHEET 

23.  Plate  1001  is  intended  for  a  practice  sheet  in  tracing 
and  is  introduced  to  give  the  student  an  opportunity  to 
familiarize  himself  with  the  methods  of  making  lines  on 
tracing  cloth,  and  will  not  serve  in  any  way  as  a  working 
drawing.  We  would  suggest  that  after  having  carefully  pen- 
ciled the  drawing  on  Manila  paper,  it  be  traced  several  times 
before  submitting  the  tracing  to  the  Schools  for  criticism. 

In  order  to  distinguish  readily  between  references  to  figure 
numbers  on  the  drawing  plates  and  to  those  in  the  text,  the 
former  will  be  printed  in  heavy-face  type  and  the  latter  in 
ordinary  type. 

24t.     Su^grestlons  for  Making:   the  Pencil   Drawing:. 

Figs.  1,  2,  and  3  are  squares  5^^"  ^^  ^  side,  and  the  lines 
drawn  in  them  are  -^"  apart,  some  being  full  lines,  some 
dotted,  and  some  heavy  lines;  the  positions  of  all  parallel 
lines  are  to  be  fixed  by  scale  measurements,  care  being  used 
to  place  them  symmetrically.  All  lines  should  be  a  trifle 
heavier  than  is  shown  on  the  engraved  plate,  as  the  engrav- 
ing is  somewhat  smaller  than  the  tracing.  In  locating  the 
squares  let  their  top  sides  be  -J"  below  the  upper  border  line, 
leaving  a  space  of  ^V  between  first  and  third  squares  and 
their  adjacent  border  lines  and  a  space  of  ^l"  between  each 
of  the  squares. 
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Fig,  4  is  a  series  of  10  concentric  circles,  J"  apart,  of  lines 
varying  in  thickness,  the  outside  circle  being  5"  in  diameter. 
When  drawing  these  circles— and  at  all  times  when  several 
arcs  are  described  from  the  same  center — be  careful  to  keep 
the  leg  of  the  compass  that  contains  the  needle  point  per- 
pendicular to  the  plane  of  the  paper  and  press  the  compasses 
as  lightly  as  possible  against  the  paper;  otherwise,  a  hole 
will  be  made  in  the  paper  at  the  center  from  which  the  arcs 
are  struck,  which  will  wear  larger  all  the  time.  It  will  then 
be  difficult  to  ensure  accuracy,  and  the  hole  will  present  an 
unsightly  appearance.  This  caution  is  particularly  neces- 
sary when  inking  in  a  tracing,  as  the  hole  enlarges  much 
more  rapidly  than  on  paper  and  will  be  reproduced  in  all 
blueprints  taken  from  the  tracing. 

Fig.  5  is  a  combination  of  semicircles  enclosed  in  an 
outer  circle  5"  in  diameter.*  Place  the  horizontal  diameters 
of  these  circles  SJ"  above  the  lower  border  line  and  their 
vertical  diameters  'i\^"  and  8^"  from  the  left-hand  border 
line. 

in  order  to  draw  this  latter  figure,  first  draw  the  ho] 
zontal  and  vertical  diameters,  as  shown,  which  are  5"  long^ 
Divide  the  horizontal  diameter  into  8  equal  parts,  then 
draw  the  outer  circle.  Bisect  each  of  these  main  divisions 
and  with  the  points  of  bisection  as  centers  draw  the  semi- 
circles as  shown,  first  describing  the  two  smallest  semicircles 
— one  above  and  one  below  the  horizontal  diameter — then 
the  two  next  larger;  and  so  on,  until  the  figure  is  com- 
pleted. 

In  drawing  this  figure  the  student  should  take  very  great 
care  to  make  the  semicircles  meet  accurately,  as  this  is  the 
object  of  this  e 

25.  Fig.  6  represents  an  ellipse  whose  major  axis  is  S''!i 
and  minor  axis  is  2J",  located  respectively  4"  above  th| 
lower  border  line  and  2|"  from  right-hand  borderline.  Thj 
ellipse  may  be  constructed  in  one  of  the  ways  described  f_ 
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Geometrical  Drawings  or  by  the  following  approximate 
method,  which  is  rapid  and  is  accurate  enough  for  prac- 
tical purposes: 

Draw  the  two  axes  «,  a!  and  b^  b\  Fig.  3,  and  join  a  and 
b  by  the  line  ab\  lay  off  be 
equal  to  oa  —  ob  and  bisect 
achy  the  perpendicular  de^ 
which  intersects  b  b'  produced 
in  e  and  oa  in  g.  Lay  off 
oe'  =  oe^  andog'  =  og,  and 
draw  ^'/,^y,  and  ^rf'.  With 
e  and  e'  as  centers,  and  eb 
=  ^^'  as  a  radius,  describe 
the  arcs  dbd'  and  /*'/'; 
and  with  ^and  g'  as  centers, 
and  ga  =  g'  a'  as  a  radius, 
describe  the  arcs  da/  and 
df'  a'/'. 

The  points  ^  and  e'  may 
lie    within    or    without    the  ^°- ' 

ellipse,    according    to    the    difference    between    the    axes. 

26.  In  the  lower  right-hand  corner  of  the  sheet  is  a 
space  reserved  for  the  title  with  lines  drawn  as  shown. 
Make  this  space  1^"  high  and  4"  long  and  subdivide  it  by  a 
line  ^"  above  and  parallel  with  the  lower  border  line.  In 
the  lower  space  draw  a  vertical  line  1|"  from  the  right-hand 
border  line.  The  title  and  number  should  be  centrallv 
located  in  their  respective  spaces,  and  the  letters  and  figures 
should  be  ^'  high.  Fill  in  the  title  with  the  type  of  letters 
indicated. 

The  tracing  can  now  be  begun. 


27.  Traclngr  the  Drawing:. — The  two  sides  of  the  tra- 
cing cloth  are  known  as  the  glazed  side  and  the  dull  side. 
Place  the  tracing  cloth  over  the  carefully  prepared  pencil 
drawing,  glazed  side  up,  putting  extra  thumbtacks  in  each 
corner,  and  smoothing  out  all  wrinkles.     Either  side  of  the 
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tracing  cloth  may  be  used  for  inking  in.  The  glazed  side 
takes  ink  much  better  than  the  dull  side,  the  finished  draw- 
ing looks  better  and  will  nut  soil  as  easily,  and  it  is  also 
easier  to  erase  a  line  that  has  been  drawn  on  this  side. 
Pencil  lines  can  be  more  satisfactorily  drawn  on  the  diiU 
Bide,  and  if  it  is  desired  to  photograph  the  drawing,  it  is 
better  to  draw  on  this  side.  The  draftsman  uses  either 
side,  according  to  the  work  he  is  doing  and  to  suit  his  indi- 
vidual taste,  or  to  follow  the  practice  of  the  drafting  room 
in  which  he  is  employed. 

Care  must  be  taken  to  remove  all  dirt  and  grease,  other- 
wise the  ink  will  not  flow  well  from  the  pen.  This  is  done 
by  taking  a  knife  or  file  and  scraping  or  filing  chalk  upon 
the  tracing  cloth;  then  with  a  soft  rag  (cotton-flannel,  or 
chamois)  rub  it  over  the  tracing  cloth,  being  sure  to  rub 
chalk  over  every  part.  The  chalk  powder  must  be  fine  and 
must  be  rubbed  ofif  gently  after  being  spread  on  the  surface. 
The  use  of  the  powdered  chalk  makes  it  possible  to  ink  the 
drawing  satisfactorily  -and  prevents  the  ink  running,  as  ^H 
sometimes  does  when  chalk  is  not  used.  ^| 

28.  Now  take  the  T  square  and  with  the  right-line  pen 
draw  all  the  horizontal  lines,  starting  at  the  top  and  work- 
ing down,  drawing  the  light  lines  first,  and  gradually  spread- 
ing the  pen  until  the  heavier  lines  are  taken  care  of. 

Nest,  draw  the  vertical  lines,  then  the  inclined  lines,  then 
the  circles,  and  finally  the  ellipse,  which  will  be  drawn  by 
the  method  just  described. 


39,  Before  fixing  the  width  of  the  line,  draw  your  pen 
on  the  edge  of  tracing  cloth  outside  the  bounding  lines  on 
which  the  tracing  is  cut  or  else  on  a  separate  piece  of  tra- 
cing cloth;  until  your  pen  works  freely  and  smoothly,  and 
produces  lines  of  the  right  weight,  do  not  attempt  lo  draw 
any  lines  on  the  tracing  cloth.  You  need  not  expect  to 
make  a  good  tracing  at  the  first  trial,  but  will  be  surprised 
at  the  rapid  improvement  after  one  or  two  practice  shet 
have  been  drawn, 
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When  the  lines  are  all  drawn,  put  in  the  title  and  the 
designation  of  figures.  In  tracing,  remember  that  ink  dries 
slowly  and  care  must  be  taken  to  avoid  smearing. 

The  letters  in  the  title  will  be  made  freehand,  the  shape 
and  size  of  letters  being  limited  by  guide  lines  which  you 
will  draw  in  the  proper  positions.  All  working  lines  used 
on  the  drawing  are  omitted  on  the  tracing  cloth,  center 
lines  only  being  retained. 

Before  mailing  your  tracings  to  the  schools  write  on  the 
dull  side  with  a  lead  pencil  your  address  and  class  letter  and 
numben  

PXATE  1002,  TITIiE: 
DRAWrNG-ROOM  STANDARDS 

30.  This  Plate  is  intended  as  another  practice  sheet  in 
tracing,  and  at  the  same  time  serVes  as  an  introduction  into 
the  regular  routine  of  drawing-room  work. 

Considerable  stress  was  laid  in  Geometrical  Drawing  on 
the  necessity  of  learning  how  to  letter  neatly;  all  that  has 
been  said  there  is  endorsed  here,  and  any  proficiency  the  stu- 
dent has  acquired  in  lettering  will  stand  him  in  good  stead. 

In  making  working  drawings,  however,  time  should  not 
be  uselessly  spent  in  making  elaborate  titles ;  freehand  let- 
tering is,  therefore,  used  almost  exclusively.  Sometimes — 
for  instance  in  making  assembly  drawings  which  are  not 
sent  to  the  shop  and  where  the  drawing  is  made  for  display 
or  other  purposes — lettering  is  done  with  the  T  square  and 
triangle.  But  even  then  the  rather  elaborate  block  letter 
described  in  Geometrical  Draivifig  is  seldom  used ;  a  simpler 
alphabet,  as  that  shown  as  Type  I  on  drawing  Plate  1002,  is 
used  instead.  Two  types  of  freehand  lettering  were  shown 
in  Geometrical  Drawings  only  the  second  of  which  is  recom- 
mended for  use  on  working  drawings,  as  it  is  the  simpler 
of  the  two.  It  is  repeated  as  Types  II,  III,  and  IV  on 
Plate  1002,  differ  only  in  size. 

31.  It  is  important  that  all  sheets  of  drawing  for  the 
same  shop  have  uniform  lettering,  and   that   the   various 

64—12 
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types  of  lettering  are  used  always  for  one  and  the  same 
purpose.     In  this  work  the  following  plan  will  be  adopted: 

Letters  shown  under  head  of  Type  II  are  the  style  of 
letters  which  will  be  used  in  the  main  title  of  all  the  draw- 
ing sheets  which  follow.  These  letters  are  i"  in  height  and 
are  spaced  as  shown. 

Capitals  shown  under  head  of  Type  III  will  be  used  for 
all  capitals  except  the  main  title. 

Type  IV  will  be  used  for  all  lower-case  letters  In  body 
of  draTvlngr,  and  in  bill  of  materials,  and  the  figures  in  all 
dimensions. 

Types  III  and  IV  are  made  freehand,  but  it  is  advisable 
at  all  times  to  draw  guide  lines  on  the  pencil  drawing  before 
the  work  is  started,  these  guide  lines  not  appearing  on  the 
tracing,  of  course. 

It  is  recommended  that  the  lettering  be  done  on  the  pen- 
cil drawing  as  well.  It  will  serve  to  nicely  locate  the  words, 
etc.,  and  when  lettering  the  tracing,  any  misplacement  can 
then  be  remedied.  Any  good,  sharp,  steel  writing  pen,  not 
too  hard,  may  be  used  in  lettering,  but  a  so-called  crow  quill 
pen,  especially  adapted  for  this  work,  is  recommended. 


DEFINITIONS  OF    LINES 

32.  Surface  Lines. — Surface  lines  refer  to  those  lines 
which  limit  or  bound  the  delineation  of  a  part  and  should  be 
of  the  same  weight  all  about  the  figure. 

33.  Dimension  L,lnes.  —  Dimension  lines  are  lines 
drawn  to  show  limits  to  which  dimensions  apply  and  are 
ended  with  an  arrowhead,  put  in  freehand,  the  arrowheads 
should  always  touch  the  lines  which  limit  the  dimension, 


thus:   • Bi 


Never  thus: 2f 


A  short 


dimension  may  be  indicated  thus:    — i  ji  r-     Placing  arrow- 
heads outside  of  limiting  lines. 
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Do  not  put  dimension  lines  in  or  over  delineation  of  parts, 
or  place  figures  where  they  cannot  be  easily  read. 

34.  Center  Unes. — Center  lines  are  usually  drawn  at 
the  working  center  of  the  object  shown,  and  are  extremely 
important  as  indicating  the  point  from  which  work  is  to  be 
laid  out.  Dimensions  are  frequently  given  from  the  center 
lines  and  they  serve  as  a  guide  for  all  dimensions  even  when 
not  used  to  limit  them.  In  making  working  drawings  it  is 
important  that  one  of  the  center  lines  should  be  first  located, 
as  this  will  immediately  fix  the  starting  point  of  drawing. 
This  working  point  is  not  necessarily  the  geometrical  center 
of  the  figure,  but  is  fixed  by  some  important  point  about 
which  the  delineation  begins  and  which  is  relatively  impor- 
tant in  the  complete  object. 

This  line  is  also  used  to  indicate  where  a  section  has 
been  or  is  to  be  taken.  If,  however,  a  jjartial  section  is 
indicated,  the  remainder  of  the  view  being  in  elevation 
or  plan,  the  full  (surface)  line  is  used,  except  where  there 
is  an  opening  appearing  in  both  parts  of  the  view;  in 
this  case,  the  dash  and  dot  would  be  used  where  the  line 
crosses  the  opening,  and  the  full  line  where  it  crosses  the 
solid  portion. 

35.  Hidden  Surface  liines.  —  Hidden   surface   lines 

are  lines  drawn  to  show  the  surfaces  of  hidden  parts,  and  it 
will  be  noticed  that  the  part  hidden  in  one  view  is  sometimes 
drawn  full  in  the  other  views,  indicating  that  from  one  posi- 
tion the  part  cannot  be  seen,  while  from  the  other  position 
it  is  in  view. 

36.  As  was  stated  in  Art.  82,  all  lines  on  tracings 
should  be  fully  60  per  cent,  heavier  than  the  lines  used  on 
the  plates  drawn  in  connection  with  Geometrical  Drawvtg. 
The  only  case  in  which  a  fine  line  should  be  used  is  when 
locating  points  by  intersecting  lines,  and  even  then  they 
are  not  actually  needed,  since  the  points  can  be  located  by 
fine  pencil  lines,  and  being  once  located  the  lines  passing 
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through  the  points  may  be  as  heavy  as  desired.  Fine  lines 
on  tracings  render  it  very  difficult  to  obtain  a  good  blue- 
print. 

It  will  be  noticed  that  the  broken  and  dotted  line,  here 
used  for  center  lines  iind  to  indicate  where  a  section  is  to  be 
or  lias  been  taken,  consists  of  a  repetition  of  long  dashes, 
each  followed  by  one  dot.  In  Geometrical  Drawing  two  dots 
were  used.  Both  forms  of  this  line  are  widely  used,  but  the 
Student  is  recommended  to  use  the  one  here  shown,  as  it  is 
simpler.  When  working  in  a  drafting  room,  however,  he 
must  conform  to  the  standards  in  force  there. 


9ECTION8  AND  SECTION  IJSTNO 

37.  In  order  to  show  the  interior  of  hollow  objects,  they 
are  often  drawn  in  section,  and  the  kind  of  material  is  then 
usually  indicated  by  certain  combinations  of  lines.  Unfor- 
tunately, there  is  no  universally  adopted  standard;  thus,  a 
certain  combination  of  lines  may  indicate  that  the  material 
is  cast  iron  if  drawn  in  one  office;  in  another  office  this 
same  combination  may  have  been  adopted  to  represent 
brass;  and  so  on.  As  far  as  working  drawings  are  con- 
cerned, there  is  usually  no  difficulty  experienced  on  account 
of  this  diversity  of  practice,  since  as  a  genera!  rule  the 
material  is,  and  should  always  be,  distinctly  specified  on  the 
drawing  in  order  to  prevent  any  mistake  on  the  part  of  the 
workman. 

38.  The  most  commonly  used  combinations  of  lines  for 
different  materials  are  shown  in  Plate  lOOa,  under  beading^ 
Standard  Cross- Sections.  Steel  of  all  kinds  is  indicated  as 
shown  at  .-I ;  B  shows  the  sectioning  employed  for  wrought 
iron.  Cast  iron  is  usually  sectioned  as  shown  at  C,  and  this 
type  of  cross-sectioning  will  be  used  for  all  materials  unless 
it  is  deemed  advisable  on  complicated  drawings  todesignate 
kind  of  material  by  character  of  cross-section,  in  which  case 
the  standard  sections  here  shown  will  be  used.  Brass  and 
other  similar  copper  alloys  are  sectioned  in  the  manner  shown 
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SitD.  For  lead,  Babbitt,  and  similar  soft  metal,  the  sec- 
tioning shown  at  E  is  extensively  used.  Wood,  when  cut 
across  the  grain,  is  usually  sectioned  as  shown  in  the  upper 
half  of  F,  and  when  cut  along  the  grain,  as  shown  in  the 
lower  half.  Wood  is  also  frequently  indicated  on  a  drawing 
by  section  lines,  even  when  it  is  not  a  section.  Glass  and 
stone,  when  in  section,  are  often  indicated  in  the  manner 
shown  by  the  upper  half  of  G;  when  not  in  section,  they  are 
frequently  drawn  as  shown  in  the  lower  half.  Concrete  may 
be  indicated  as  at  If;  I  gives  a  common  representation  of 
leather.  Rubber  and  wood  fiber  are  sectioned  as  shown 
at  y; -firebrick,  as  shown  at  AT;  and  water,  as  shown  at  Z. 

The  squares  inside  which  the  various  kind  of  cross-sections 
are  to  be  drawn  should  be  1^"  square ;  a  space  of  1"  should 
be  left  between  each  square  in  a  horizontal  row  and  of  J" 
between  those  in  a  vertical  row.  The  square  C  should  be  2y 
below  upper  border  line  and  1"  from  right-hand  border  line. 

All  section  lines  are  spaced  without  the  use  of  a  scale  or 
special  instrument,  the  eye  being  the  only  guide  in  placing 
them  evenly,  and  the  student  will  follow  this  plan  in  draw- 
ing the  sections  shown.  With  practice,  great  skill  can  be 
acquired  in  spacing  the  lines  evenly,  and  the  work  can  be 
done  very  rapidly. 

39.  Sections  of  material  that  appear  too  thin  on  a  draw- 
ing to  be  conveniently  sectioned,  or  when  it  is  desired  to 
make  the  section 
very  prominent, 
are  often  black- 
•  ened  in,  as  shown 
in  Fig.  4.  In  order 
to  separate  differ- 
ent pieces,  a  white 
line  is  then  usually 
left  between  them.  Black  sections  are  most  frequently 
employed  for  sectional  views  of  structures  composed  of 
plates  and  rolled  sections,  such  as  I  beams,  angle  irons,  bulb 
angles,  rails,  Z  bars. 
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40.  On  many  sectional  views,  it  will  be  noticed  that  the 
section  lines  do  not  run  in  the  same  direction.  This  invari- 
ably means  that  there  is  more 
than  one  piece  in  the  section 
given.  Thus,  referring  to 
Fig.  6,  it  will  be  seen  that  the 
section  lining  shown  at  i,  i  is  at 
a  right  angle  to  the  other  sec- 
tion lining.  It  is  the  general 
rule  among  draftsmen  that  all 
parts  of  the  same  piece  shown  in  section  must  be  section- 
lined  in  the  same  direction,  irrespective  of  the  continuity  of 
the  section.  Thus,  referring  again  to  Fig.  5,  the  fact  that 
all  section  lining  marked  A  is  in  the  same  direction  immedi- 
ately establishes  the  fact  that  this  part  of  the  view  is  a  sec- 
tion of  the  same  piece.  Likewise,  since  the  sectioning 
shown  at  6  and  b  runs  in  the  same  direction,  it  follows  that  d 
and  6  are  sectional  views  of  one  piece,  which  is  separate 
from  A. 

The  above  rule  governing  the  direction  of  section  lines  is 
always  adhered  to  when  possible;  when  any  departure  is 
necessary,  care  is  taken  to  prevent  ambiguity.  Where 
only  the  sectional  view  is  given,  it  is  often  very  difficult 
to  understand  the  drawing,  and  sometimes  a  violation  of 
the  above  rule  will  cause  an  erroneous  conclusion  to  be 
drawn.  Referring  to  {a).  Fig.  6,  cover  up  the  front  view 
shown  at  (//).  Then,  since  the  section  of  a  and  a',  and  also 
that  shown  at  A  and  d',  are  respectively  in  the  same 
direction,  any  one  would  be  perfectly  justified  in  assuming 
that  a  and  a'  was  a  sectional  view  of  a  rod  fitted  with  a 
solid  bushing  6b'.  Furthermore,  since  c.  c  and  c',  c'  are 
sectioned  the  same  way,  the  conclusion  that  they  were  the 
jaws  of  a  forked  rod  would  be  justifiable.  Referring  now  to 
view  (b),  it  is  seen  that  b  and  b'  are  separate  brass  boxes;  the 
part  a'  is  seen  to  be  separate  from  the  cap  a,  and  the  note 
"Rods  R^mtn'td"  indicates  that  c  is  separate  from  c'.  The 
way  the  sectional  view  should  have  been  section-Uned  to  cor- 
respond to  the  front  view  shown  at  {b)  is  given  in  Fig.  6  (c). 
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41.    When  a  cutting  plane  passes  through  the  axis  of  a 
shaft,  bolt,   rod,  or  any  other  solid  piece  having  a  curved 


I  which  the  sectioo  is 


-surface  and  located 
taken,  it  is  the  gen- 
eral practice  not  to 
show  such  solid 
pieces  in  section, 
but  in  full.  Thus, 
in  Fig.  6  the  sec- 
tional view  ((t)  is 
taken  on  the  plane 
represented  by  the 
line  xy,  in  view  (i), 
which  passes 
through  the  axis 
of  the  pin  d.  This 
pin  is  shown  in  full, 
however,  in  views 
(a)  and  (r).  The 
practice  here  shown 
is  rarely  departed 
from  by  experienced 
draftsmen,  since  it 
makes  a  drawing 
easier  to  read  and 
also  saves  consider- 
able time  in  making 
the  drawing. 

42.  Fig.  6  also 
shows  another  fea- 
ture that  is  fre- 
quently met  with  in 
shop  drawings. 
Referring     to     the  *"°-  " 

illustration,  it  is  seen  that  no  bolt  is  shown  in  the  lower  half 
of  the  object  in  so  far  as  the  front  view  (^)  is  concerned.  A 
ceoter  line  op  is  drawn  in,  however,  which  indicates  to  the 
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workman — who  reasons  from  the  symmetry  of  the  object  in 
respect  to  the  center  line  xy — that  the  lower  half  of  the 
object  is  to  be  snpplied  with  a  bolt  placed  in  the  plane  given 
by  the  center  line  o/>.  In  case  of  symmetrical  work,  drafts- 
men will  frequently  complete  only  one  half  of  the  view  and 
merely  indicate  the  other  half  by  a  few  lines  or  not  at  all, 
trusting  to  the  judgment  of  the  workman  for  a  correct 
reading  of  the  drawing.  In  the  best  practice,  a  note  is 
made  on  the  drawing  calling  attention  to  the  fact  that  the 
indicated  portion  of  the  view  is  a  duplicate  of  the  completed 
portion. 

PIjATE    1003,   TITLE  I  ^H 

DETAIIiS  ^M 

43.  The  majority  of  the  succeeding  text  illustrations  are 
supposed  to  represent  the  preliminary  pencil  drawings  to  be 
made  by  the  student  and  from  which  he  is  to  make  the  final 
tracings.  In  these  pencil  drawings  little  use  is  made  of 
dotted  lines,  as  the  main  purpose  of  such  drawings  is  that 
of  indicating  the  locntion  of  the  various  lines;  the  distinc- 
tion between  full  and  dotted  lines  and  such  that  are  to  be 
omitted  altogether  being  made  during  the  process  of  tra- 
cing. In  the  pencil  drawing  distinction  is  made  to  some 
extent  between  those  lines  that  are  merely  construction  lines 
and  those  that  constitute  the  real  outlines  of  a  view,  in  so 
far  that  at  first  all  lines  that  are  not  sure  to  be  one  of  the 
outlines  are  drawn  faintly.  After  the  length  and  location 
of  the  outlines  have  been  definitely  determined  they  are 
strengthened  and  in  this  manner  distinguished  from  mere 
construction  lines  or  such  that  are  to  he  shown  as  dotted 
lines.  The  first  eight  figures  of  this  Plate  show  the  con- 
ventional methods  of  representing  screws;  they  are  drawn 
full  size.  The  actual  projection  of  a  screw  thread  will  be 
similar  to  the  projection  of  a  helix;  but  in  order  to  save  the 
time  required  to  locale  the  points  and  trace  in  the  curves, 
the  following  methods  are  universally  used,  except,  perhaps, 
I  in  the  case  of  screws  of  very  large  diameter  and  pitch. 
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44,  To  locate  the  upper  row  of  views  on  this  Plate,  draw 
a  horizontal  line  1^''  below  the  upper  border  line  and  locate 
the  top  sides  of  the  views  along 
this  line.  Draw  another  horizontal 
line  4|^"  below  the  same  border 
lines  to  limit  the  lengths  of  these 
views.  Leave  a  space  of  J"  be- 
tween Fig.  1  and  the  left-hand 
border  line  and  the  same  space 
between  each  of  the  views  in  that 
row.  Fig.  1  represents  a  single 
square-threaded  screw  1^"  in  diam- 
eter and  i"  pitch.  To  draw  the 
screw  follow  the  directions  given 
herewith  in  connection  with  Fig.  7. 
First  draw  the  center  line  ;;/  n  and 
a  line  ad  at  right  angles  to  it. 
Make  the  distance  a  b  equal  to  the 
diameter  of  the  screw,  or  1  \'\  and 
through  the  points  a  and  b  draw 
lines  ad  and  be  parallel  to  the 
center  line  ;//  n.  Also  lay  off  on 
the  line  ab  distances  af  and  bg 
equal  to  one-half  of  the  pitch  {\"  X  4  =  -ft^").  and  through 
the  points y  and  ^  draw  lines y-//  and  ^/ parallel  to  the  cen- 
ter line  mn.  These  lines  show  the  depth  of  the  thread. 
On  the  line  a  d  lay  off  the  width  of  the  grf><jve  and  of  the 
thread,  ac^  ^j\j^^  ^tc. ,  each  equal  to  one-half  of  the  pitch,  or 
I"  X  i  =  iV'-  Draw  the  line  be,  and  through  the  ji^^inis/, 
it,  /,  o^  etc.  draw  lines  parallel  to  be  intersecting  line  be  at 
points  jr,  q^  r,  j,  etc.  Draw  faint  [>encil  lines  joining  the 
points  r  and^,yand  r,  ^  and  s,  etc.,  to  represent  the  back 
edges  of  the  threads  and  make  the  parts  that  are  seen  full 
lines.  Draw  faint  horizontal  lines  from  pointsy,  /, /,  ete., 
to  the  line/*A  and  from  the  jx^ints  of  int':r.s/:^tion  draw  lines 
to  the  center  points  of  the  lower  '^ide  »i  the  threads,  such 
SL&  v/^  these  lines  representing  the  visible  bottom  hnes  of 
the    threads.     Likewise    draw    horizontal   lines    from   the 
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i  points  y,  s,  etc.,  to  the  line  ^i  and  from  the  points  of  inler- 
f  section  draw  the  lines  u  7v,  etc.  The  method  of  drawing  the 
■  remainder  of  the  screw  should  be  apparent. 

In  some  drawing  offices  this  conventional  method  of  rep- 
[  resenting  screw  threads  is  further  simplified  by  omitting  the 
'  lines  indicating  the  back  edges  of  the  threads  as  well  as 
those  that  represent  the  bottom  lines.  The  threads  will  then 
be  indicated  by  a  series  of  parallelograms,  such  as  cbxj, 
kgrl,  etc.  The  screw  17  in  Pig.  43  has  been  drawn  in 
this  manner. 

It  will  be  noticed  that  the  width  of  the  thread  and  of  the 
groove,  measured  parallel  to  the  center  line  «/«,  and  the 
depth  of  the  thread  are  all  exactly  the  same) 
that  is,  they  are  each  equal  to  one-half  of  the 
pitch.  If  a  section  were  taken  through  the 
center  line  mn,  the  thread  and  groove  would 
look  like,  Fig.  8,  a  series  of  squares;  hence  the 
term  square  ihrcad. 

When  a  long  and  comparatively  slender  object 
is  to  be  drawn,  such  as  these  screws,  it  often 
happens  that  when  drawn  to  a  scale  sufficiently 
large  to  make  the  drawing  intelligible,  the  length 
is  so  great  that  the  outline  extends  beyond  the 
space  available.  In  that  case  part  of  the  object 
is  broken  away,  taking  care  to  let  the  place  of 
break  be  at  such  a  point  that  the  remaining  part 
will  indicate  the  transverse  dimension  and  shape 
of  the  part  removed.  An  object  is  also  frequently  broken 
off  when  it  is  unnecessary  to  show  it  complete,  as  in  the  case 
of  Fig.  1,  where  it  is  simply  a  question  of  showing  the  con- 
struction of  the  threaded  part  and  where  the  other  part 
may  be  a  straight  rod  of  any  desired  length. 

The  fact  that  part  of  an  object  is  broken  away  is  indicated 
by  a  so-called  brenk.  Breaks  may  be  indicated  in  various 
ways;  most  commonly  the  break  is  given  an  outline  that 
will  reveal  the  shape  of  the  object.  The  conventional 
method  of  indicating  the  break  on  a  round  rod  is  that 
shown  at  the  lower  end  of  Fig.  1. 


r 

I          A„ 

■     object 

MEC 

example  of  a 
is  removed 

HANICAL    DRAWING                       25  '     ^H 

break  where   the   cerftral   part   of   an        ^^| 
s  shown  ill  Fig.  9.     Here  the  removed         ^H 
part  is  simply  part  of  a  straight  rod,        ^^^| 
and  therefore  it  need  not  be  drawn,       ^^H 
especially  when   it  is  a  question   of       ^^^| 
saving  space.      The   remaining  parts       ^^H 
are    pushed    together    and    the    true        ^^H 
length    of    the    screw    indicated   by        ^^| 
the    adjacent   dimension,    here    30".         ^^H 
Conventional   methods  of   indicating        ^^| 
breaks  are  shown  in  Fig.   9.     Wood        ^^| 
is  usually  sliown  broken  in  the  man-        ^^H 
ner  illustrated  at  {a),  angle  irons  as        ^^| 
at  {b),  T  irons  as  at  (c),  Z  bars  as        ^H 
at  {d).     Cylindrical  objects  are  occa-       ^^| 
sionally  broken  as  shown  at  {(),  but       ^^^| 
most  frequently  in  the  manner  shown       ^^H 
at.  (/).     Pipes    and    similar   hollow      .^^| 
cylindrical  objects  may  be  broken  as       ^^^| 
shown  at  (g)\  but  more  frequently        ^^H 
the  break  is  made  as  shown  at  (A),        ^^| 
Rectangular  objects  may  be  broken        ^^H 
in  the  manner  shown  at  (/);    plates       ,^^H 
and  objects  other  than  those  included       ^^H 
between  views  {a)  and  (/)  are  often          ^^| 
shown  broken  off  by  drawing  a  wavy         ^H 
freehand  tine  as  in  {j)  and  (k).     As        ^H 
a  rule  the  break  is  indicated  by  section        ^^| 
lines,  as  in  Fig.  1.     On  small  objects,        ^^| 
or  in  views  drawn  on  a  small  scale,  it        ^^| 
is   sufficient   to   show   the   break    in        ^^H 
black,  as  in  Fig.  9.                                         ^H 

45.     Fig,    S    shows    a    double         ^^k 

8C|iiare- threaded     scren-     1^"     in          ^^^k 

'  pitch.     The  reason  for  using  a  double         ^H 

e  single  square  thread  were  used,  the         ^^| 

great  as  to  weaken  the  bolt  or  rod  on        ^^| 
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which  it  was  cut  and  render  it  unsafe  for  the  purpose  for 

which  it  was  intended.     To  prevent  this,  either  the  diam- 

eter of  the  rod  must  be  increased  or  the  thread  must  be 

cut   of  the   same   depth  and   thick- 

ness  as  a  thread  of  half  the  pitch,  or, 

_,— - 

*     in   this   case,   as   if   the   pitch  were 

i 

ft 

< 

° 

J"  X  i  =  f ,    as    in  the  preceding 
problem;  another  thread  of  the  same 

^-^ 

> 

J.     size  and  pitch  (f )  must  be  cut  half 
way  between  these  first  threads,  thus 

«     giving  a  double  thread.     The  pitch, 
or   distance   that    the   screw   would 
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the    same    as  if                                     .fl 
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it  were  a  single- 
threaded    screw  .V^ 
of     r    pitch,    'p 
while  the  depth   ^'' 
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of  the  thread  is 
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only     half     as 
great.     To  draw 
it,    proceed   ex- 
actly  as  in  the 
last  figure,  and 
follow  the  direc. 
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^^^H  tions   given    herewith    in    connection 
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^^^V  with   Fig.    10.     To   get   the   direction 
^^     of  the  line  be.  Fig.  10,  which  in  this 

^—   " 

==t^ 

1 

figure  represents  the  projection  of  the 
bottom  edge  of  the  top  of  the  thread, 
lay  off  (Z  f  equal  to  one-half  the  pitch, 
or  J"  X  i  =  1",  and  draw  the  line  be. 

. 

,. 

m 

The  width  of  the  threads  and  grooves, 

c ^ 

'-v_>^H 

and  also  the  depth  of  the  threads,  is 

'^H 

one-fourth  of  the  pitch,  or }"  x  J  =  ,V'-                 ^"*-  "        ^H 

Through  the  points  k,  I,  o,  etc.,  draw  faint  pencil  tincsi^^H 

etc.  to  represent  the  back  edges  of  the  threads,  and  m^^H 

,               the  parts  that  are  seen  full  lines.     Through  the  poii^^l 

^^^^^J 
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draw  a  faint  pencil  line  i  r  at   right  angles  to  the  center 
_  line  m  n,  intersecting  the  line  fh  in  v,  and  draw  the  liiie/r, 
■which  represents  the  bottom  of  the  thread.     The  remainder 
of  the  screw  should  be  drawn  without  trouble. 


46.  Fig.  3  and  Fig.  11  show  a  singfle  V-threadeA 
»cre^  \^"  in  diameter  and  having  1  threads  to  the  inch; 
that  is,  the  pitch  is  if".  Draw  a  cylinder  IJ"  in  diameter, 
tiaving  mn  for  the  center  line.  Lay  off  a  b,  be,  cd.  etc. 
each  equal  to  the  pitch,  or  ^'.  Do  the  same  on  the  left-hand 
side.  With  the  aid  of  the  T  square  and 
60°  triangle  make  the  angles  aob, 
fo'g,  etc.,  60°.  The  rest  of  the  thread 
can  be  drawn  by  referring  to  the  figure. 

47.    Fig,  4  represents  a  screw  exactly 

like  the  preceding  one,  except  that  the 
thread  is  left-handed  instead  of  right- 
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handed.  To  ascertain  whether  a  thread  is  left-handed  or 
right-handed,  hold  the  screw  in  such  a  position  that  its  axis 
is  horizontal.  If  the  thread  is  right-handed,  as  it  usually  is, 
the  angie  that  the  edge  of  the  thread  makes  with  the  hori- 
zontal on  the  right-hand  side  is  obtuse;  if  left-handed, 
it  makes  an  acute  angle  with  the  horizontal  on  the  right- 
hand  side.  No  further  instruction  should  be  necessary  for 
drawing  the  thread. 


The  Seller's  trlaneular  or  V  thread,  commonly  called 
the  American  tliread,  or  United  States  Standard,  which 
is  used  in  the  United  States,  is  shown  in  Fig.  12  (a). 
Fig.  12  {i)  ia  an  enlarged  section  of  the  thread.  The  angle 
between  the  sides  of  the  thread  is  60°,  The  distance  p 
indicates  the  pitch  of  the  screw.  As  shown  in  the  figure, 
a  section  of  a  single  thread  is  an  equilateral  triangle,  the 
altitude  of  which  is  /;  to  form  the  United  States  Standard 
thread  one-eighth  the  altitude  of  the  triangle  is  cut  off  from 
the  apex,  and  the  angle  at  the  root  is  filled  in  to  a  like 
depth.  Hence  the  real  dipth  of  the  thread  /,  is  three-quar- 
ters the  altitude  of  the  triangle,  that  is,  /,  =  \t. 

48.  Fig.  5  represents  a  double  V-threade*!  serew  IJ^" 
in  diameter.  It  has  3J  threads  per  inch;  that  is,  the 
pitch  is  1"-^3J  =  f".  The  remarks  made  in  connectio^^ 
with  Figs.  8  and  3  apply  here. 

49.  Fig.  6  and  Fig.  13  represent  a  section  of  a  li 
pie.  When  the  diameter  of  a  nipple  is  given,  the  inside  dia^ 
eter  is  always  meant,  unless  otherwise  stated.  The  actual 
diameter  of  a  nipple  or  pipe  is  very  rarely  given,  but  must 
be  taken  from  printed  tables.  The  voiniiial  diameter  oi  the 
nipple  shown  in  the  figure  is  1",  but  the  actual  inside  diam- 
eter is  1.05";  from  the  table,  the  outside  diameter  is  found 
to  be  1.32",  making  the  thickness  .135".  Owing  to  the 
thinness  of  the  shell,  pipe  threads  are  finer  than  the  threads 
on  the  same  sized  rods.  The  coarsest  pipe  thread  is  8  threads 
per  inch.  The  number  of  threads  per  inch  on  the  nipple 
shown  is  \\\.  The  thread  is  tapered  1  in  16;  that  is.  the 
diameter  of  the  threaded  part  is  increased  by  ^"  for  each 
inch  in  length,  to  make  a  tight  fit,  and  the  length  of  the 
threaded  part  oneach  end  isO, 51" -}•  0.53"  =  1.03",  of  which 
length  the  distance  between  a  and  b.  Fig.  13,  represents  the 
perfect  thread,  while  from  i  to  c  the  thread  is  imperfect. 
On  account  of  the  small  size  of  the  thread  and  the  crowded 
condition  of  the  lines.  Fig,  13  is  drawn  on  a  larger  scale  and 
only  one  end  of  the  nipple  is  showo.  the  construction  of  the 
other  end  being  identical.     To  draw  the  nipple  proceed  as 
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follows:  Draw  a  cylinder  1.38"  in  diameter  and  with  mn  as 
a  center  line;  lay  off  the  inside  diameter  equal  to  1.05"  and 
draw  de  and  fg.  When  decimal  parts  of  an  inch  are 
required,  lay  off  the  dimension  in  the  nearest  64ths  of  an 
inch  by  consulting  Table  V  at  end  of  this  paper.  Draw 
a  horizontal  line,  through  point  a,  across  the  cylinder,  and 
lay  off  the  points  k,  k  (indicating  the  minimum  outside 
diameter  of  the  threaded  part)  1.28"  apart.     Draw  a  second 
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horizontal  through  b,  intersecting  the  other  side  of  the  cylin- 
der at  _/',  and  a  third  horizontal  through  c  intersecting  the 
other  side  at  c'.  Join  the  points  It,  J  and  k,  b  by  straight  lines 
and  produce  them  until  they  intersect  the  line  cc'  at  o  and  o'. 
These  lines  indicate  the  position  of  the  tops  of  the  threads. 
Draw  a  horizontal  line  1"  above  cc\  intersecting  the 
lines  ho  and  ko'  at  points  v,  v'.  Prolong  the  line  vv'  indefi- 
nitely toward  the  left,  then  divide  tiic  distance  vo  into 
11^   parts  by  means  of   the  method  given  in  Geometrical 
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Drawing,  as  follows:  Apply  the  compasses  to  the  scale  and 
open  them  until  they  span  23  divisions  (in  this  case  six- 
teenths), and  then  with  this  length  as  a  radius  and  with  the 
center  at  o,  strike  an  arc  intersecting  the  line  vv'  at  /. 
Connect  o  and/  by  a  straight  line  and,  starting  at  o,  mark 
off  eleven-eighths  by  means  of  a  scale  and  a  sharp-pointed 
pencil.  From  these  points,  with  the  aid  of  the  T  square, 
draw  horizontal  lines  to  the  lines //tf  and  ka',  the  intersec- 
tion with  the  former  line  locating  the  tops  of  the  threads 
and  with  the  latter  the  bottom  of  the  threads.  By  means 
of  the  T  square  and  the  60°  triangle  draw  a  couple  of 
threads,  beginning  at  v  and  also  a  few  threads  at  /■,  remem- 
bering that  the  divisions  on  ko'  are  to  be  advanced  half  a 
thread,  as  shown;  that  is,  the  top  of  one  thread  and  the 
bottom  of  the  preceding  thread  on  the  other  side  will  both 
be  on  one  horizontal  line.  Through  the  bottoms  of  the 
threads  thus  found,  draw  lines  parallel  with  lio  »vA  k  o' ; 
these  lines  will  indicate  the  bottom  of  all  the  threads. 
Complete  the  threads  along  ho  and  ko'  as  if  they  were  per- 
fect, and  continue  the  threads  above  vv'  to  the  upper  end 
of  the  nipple. 

Counting  from  o,  draw  a  horizontal  line  through  the  top 
point  of  the  fourth  thread  and  extend  said  line  until  it 
intersects  the  bottom  lines  of  threads  at  t'  and  t" .  Join 
the  points  /',  t'  and  /"  c  by  straight  lines,  which  lines  will 
indicate  the  bottoms  of  the  imperfect  threads.  It  will  be 
noticed  that  from  points  i  and_;' downwards  the  tops  of  the 
threads,  as  drawn,  extend  beyond  the  sides  of  the  cylinder 
and  consequently  these  parts  will  also  be  imperfect.  When 
inking  in  the  drawing  only  those  parts  of  the  threads  should 
be  shown  that  lie  inside  the  outer  edges  of  the  cylinder  and 
outside  the  lines  I' c'  and  t"  c.  As  the  size  of  the  threads, 
when  drawn  on  the  plate,  are  very  small,  it  is  not  expected 
that  the  student  will  be  able  to  draw  them  correctly  in  their 
L  minute  details,  but  it  is  necessary  that  the  total  number  of 
'threads  shall  be  correct.  Table  IV,  giving  the  dimensions 
of  standard  threads  for  gas  and  water  pipes,  is  found  at  t 
end  of  this  paper. 
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60.     Fig.  7  shows   another   method   of   representing   a 
V-threaded    screw.      This   method   has    the   advantage    of 
making  a  neat-looking  drawing  and  of  being  very  rapid  in 
delineation.     The  pitch  is  laid  off  as  in 
the  three  preceding  figures.      The  heavy 
lines  represent  the  bottom  of  the  thread 
and   their   lengths  are   determined    by 
constructing  an  equilateral  triangle  on 
the  pitch  distance,  as  shown  in  Fig.  14, 
and  limiting  the  line  to  distances  between 
two  corresponding  verteses  of  the  tri- 
angle.    The  diameter  of  the  screw  is  1" 
and  the  number  of  threads  per  inch  is  8. 


51.  Fig.  8  represents  the  screw 
shown  in  Fig.  7,  but  with  the  heavy 
lines  replaced  by  light  ones.  This 
method  has  many  advantages  in  making 
tracings,  as  it  makes  the  resetting  of  the 
pen  unnecessary,  and  the  ink  does  not 
taite  so  long  to  dry.  Fig.  7  will  be 
used  for  ordinary  work;  Fig.  8,  when 
there  are  a  number  of  details  of  the 
same  sort,  making  complete  repre- 
sentation inadvisable.  ^'"^  '* 

When  screws  are  represented,  as  shown  in  Figs.  7  and  8,  it 
is  not  customary  to  lay  off  exact  distances  to  represent  the 
tops  and  bottoms  of  threads.  The  distances  between  the 
lines  are  made  even  and  of  any  length  that  presents  a  good 
appearance.  This  adds,  of  course,  to  the  rapidity  with 
which  a  drawing  can  be  made. 

The  right-hand  V  thread  is  considered  as  a  standard  and 
is  always  furnished  unless  some  other  is  specifically  called 
for.  When  left-hand,  double,  or  multiple  threads  are 
wanted,  it  is  customary  to  place  a  note  near  the  part 
detailed  calling  attention  to  the  fact. 

62.  When  a  screw  thread  is  hidden  by  part  of  the  object 
and  it  is  deemed  necessary  to  show  its  location,  dotted  lines 
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are  drawn  in  one  of  the  three  ways  illustrated  in  Pig.  15. 
Of  these  methods,  {a)  is  the  most  complete,  but  {b)  is 
the  form  generally  used  and  is  clear.  Fig.  IS  (c)  should 
not  be  used  unless  supplemented  by  a  note,  "j"  stud  "or 
"iV'bolt,"  etc. 

53.  Draw  a  horizontal  line  6^"  below  the  top  border 
line  and  locate  the  tops  of  Figs.  O,  11,  13,  IS,  17,  and  IB 
along  this  line.     Lay  off  on  it  a  point  IJ"  from  the  left-hand 
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border  line,  and  through  this  point  draw  the  center  line  of 
Figs.  9  and  lO.  From  this  point,  also,  lay  off  other  points 
Iff"  apart,  through  which  draw  the  center  lines  for  Figs.  11 
to  33  inclusive,  excepting  Figs.  23  and  24,  which  are  drawn 
separately. 

Figs.  9  and  lO  of  the  plate  represent  the  ordinary  and 
conventional  method  of  representing  a  hexagon  bolt  and 
nut.  The  example  selected  is  a  bolt  1"  in  diameter  and  20" 
long,  with  the  thread  portion  cm  8  threads  to  an  inch, 
head  1|"  across  flats;  the  curve  at  the  lowur  end  of  the  bolt 
is  drawn  with  a  radius  equal  to  diameter  of  bolt.  By  IJ" 
across  flals  is  meant  1|"  between  parallel  sides,  that  is, 
twice  ok,  Fig.  10. 

That  the  student  may  fully  understand  the  method  of 
laying  out  the  nut  and  the  head  of  the  bolt,  the  method 
which  is  to  he  followed  will  be  described  in  detail.  It  is 
not  common  practice  to  show  more  than  one  view  of  either 
a  bolt  or  nut,  the  shape  being  determined  by  the  delineation. 
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To  lay  out  the  nut,  first  draw  two  horizontal  lines  ac  and 
jff  across  center  line  mn{see  Fig.  16)  1"  apart,  this  being  the 
diameter  of  the  bolt,  and  the  proper  thickness  of  the  nut  cor- 
responding. The  head  of  the  bolt  is 
somewhat  thinner,  being,  as  shown, 
fl"  thick.  In  order  to  determine  the 
proper  point  at  which  the  lines  a  b, 
cd,  ef,  and  gh  are  drawn,  draw  a 
semicircle  1|"  in  diameter  (the  width 
of  the  nut  across  flats)  with  the  inter- 
section o  of  the  lines  a  c  and  m  n  as 
the  center;  draw  a  tangent  /y  to  this 
circle,  perpendicular  to  the  center 
line.  Draw  two  other  tangents  to 
the  circle,  using  the  60°  triangle. 
The  intersecting  points  i  and  /  of 
the  tangents  will  locate  the  lines  ef 
and  gh,  e  being  the  projection  of  ( 
and  g  the  projection  oi  j on  ac;  the 
intersection  of  the  tangents  with 
the  perpendicular  ac  will  locate  the 
lines  a  b  and  c  d. 

To  construct  the  curves  which 
form  the  top  of  the  nut  draw  a 
circular  arc  from  (?  as  a  center,  with 
a  radius  equal  to  the  diameter  of 
the  bolt  (in  this  case  1"),  tangent 
to  the  perpendicular  b  d,  which  limits 
the  thickness  of  the  nut,  until  it  inter- 
sects c^/"  in/,  and  gh\n  p;  find  by  trial 
a  radius  such  that  arcs  can  be  struck 
from  /  to  q,  and  from  p  to  r,  and  be 
tangent  to  b  d;  the  centers  for  these 
arcs  must  lie  on  lines  parallel  to  the  ^^°-  '* 

center  line  tnn  and  half  way  between  aq  and  c/and  gp  and 
cr.     Draw  curves  for  the  head  of  the  bolt  in  same  manner. 

Instead  of  indicating  the  corners  bd.  Fig.  14,  as  parts  of  a 
spherical  surface,  they  are  often   drawn  as  being  parts  of 
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I  conical  surface,  the  side  of  which  forms  an  angle 
with  its  axis.  Lines  q  b'  and  r  d'  are  then  drawn  tangential 
to  the  curves  ^/  and  r/.  Fig.  33  is  also  drawn  in  this  man- 
ner. Where  it  is  the  purpose  ot  representing  a  nut  or  head 
in  a  conventional  manner,  it  is  a  saving  of  time  to  omit 
these  additional  lines. 

S4.  Figs.  11  and  18  show  the  conventional  method  of 
representing  a  square-head  bolt  and  nut.  Their  curves 
are  constructed  in  much  the  same  manner  as  those  of  the 
hexagonal-head  bolt,  except  that  they  are  drawn  with  a 
radius  twice  the  thickness  of  the  bolt.  Dimensions  corre- 
spond to  those  given  in  Fig.  9,  except  length,  which  is  6"; 
the  width  of  the  head  is  IJ"  across  flats. 

Complete  information  as  to  the  construction  of  standard 
bolt  heads,  nuts,  screw  heads,  etc.,' is  given  in  Fig,  64. 
Any  dimensions  not  given  in  the  instructions  referring  to 
Plate  1003  will  be  found  there. 


65.  Fig.  13  is  a  hexagonal-head  capscrew;  the  head  of 
the  capscrew  is  smaller  than  a  corresponding  hexagonal- 
head  bolt,  being  1^"  across  flats.  The  dimensions  given 
will  be  followed,  and  are  standard  dimensions  for  a  bolt  of 
this  size.  Curve  of  head  is  drawn  by  taking  radius  2  times 
diameter  of  bolt. 

Fig.  14  represents  a  \"  I3-thread  setscrew,  IJ"  long. 
Head  is  J"  across  flats,  and  the  two  curves  on  same  are  struck 


with  a  radius  equal  to  twice  the  diameter  of  screw. 

the  curves  at  neck  of  screw  with  a  radius  of  \".     The  iafor- 

mation  needed  for  drawing  the  lower  end  is  given  in  Fig.  QL 
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The  form  of  setscrew  shown  in  Fig.  14  is  the  one  most 
in  use.  Some  other  forms  are  represented  in  Fig.  17,  in 
which  (a)  is  called  a  cone-point  setscrew,  {d)  a  onpped 
setscrew,  (c)  a  round,  pivot-point  setscrew,  and  (d)  a 
headless,  cone-point  setscrew^. 

Figs.  9,  lO,  11,  IS,  and  13  are  drawn  to  {  scale  or  6" 
=  1  ft.,  while  Figs.  14,  15,  16,  17,  18,  19,  SO,  and  88  are 
drawn  full  size. 

66.  Fig.  16  represents  a  round-head,  ^  machine  screw, 
IJ"  long;  14  is  the  gauge  of  the  body  of  the  screw;  24  gives 
the  number  of  threads  per  inch.  The  screw  is  drawn  by 
drawing  a  center  line  and  laying  off  the  parts  as  shown. 
No.  14  gauge  practically  corresponds  to  ^'\  and  measure- 
ments may  be  made  with  this  as  a  basis;  thickness  of  the 
head  is  ^" ;  width  of  head  is  y\". 

The  outline  of  the  head  should  be  a  compound  curve,  but 
on  account  of  the  small  size  of  the  view  it  is  difficult  to 
show  it  in  this  form ;  it  will  suffice  if  in  its  place  a  circular 
arc  is  drawn  with  a  radius  of  ^y. 

67.  Fig.  16  is  a  fillister-head  machine  screw  of  the  same 
dimensions  as  that  shown  in  Fig.  16.  The  head  is  ^"  thick 
below  the  round  and  ff"  in  diameter.  The  radius  of  the 
round  top  is  equal  to  the  diameter  of  head. 

68.  Fig.  17  is  a  machine  screw  of  corresponding  length 
and  diameter,  except  that  it  has  a  fiat  head;  thickness  of 
head  is  ^";  diameter  of  head,  ^|". 

It  will  be  noticed  that  the  dimensions  for  length  of  screws 
are  given  under  the  head  in  Figs.  16  and  16,  and  including 
head  in  Fig.  17. 

69.  Fig.  18  represents  a  cotter  pin  1"  long  and  {"  in 
diameter.  This  pin  is  split  and  is  put  through  the  ends  of 
bolts  or  studs  to  prevent  nuts  or  washers  working  off. 
Make  the  eye  |"  in  diameter. 

60.  Figs.  19  and  20  are  conventional  methods  of  repre- 
senting round-head  and  flat-head  wood  screws.     Dimensions 
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previously  given  apply  to  these  screws,  except  the  gauge 
of  body  is  No.  13,  which  approximately  corresponds 
to  ^".  Diameters  of  heads  of  Figs.  19  and  20  are  approx- 
imately ■j'j"  and  J",  respectively.  Make  the  straight 
parts  of  the  screws  J"  long,  and  the  rounded  points 
tV"  thick. 

61.  Fig.  21  shows  a  2"  eyebolt,  4^  threads  to  the 
inch,  with  a  3"  hole  in  the  eye  and  corresponding  dimeo- 
sions    outside.      This    part    is    drawn    to    {    scale,    or    j^| 

■ 


63.  Fig.  SB  shows  the  representation  of  J"  lag  bolt, 
1|"  long.  Lag  bolts  have  square  heads.  The  head  is  i" 
across  flats  and  the  curve  drawn  with  a  radius  of  J", 
body  of  bolt  is  drawn  similar  to  Fig.  19. 


63.  Figs.  33  and  84  give  conventional  methods  of 
resenting  keys  drawn  to  J  scale  or  6"  =  1  ft. ;  they  are 
plainly  dimensioned  and  will  need  no  detailed  description  of 
method  of  drawing  them.  These  figures  also  indicate  a 
convention  quite  frequently  employed  to  show  a  section  in 
a  view  other  than  the  one  the  section  should  appear  in,  the 
little  squares  showing  the  depth  of  the  keys  and  the  shape 
a  cross-section. 


64.     Parts  represented 
parts  which  are  seldom,  il 
ings.      They  are  i 
are  frequently  sh' 
they  will  be  drav 


Figs.   9  to   84   are   standart 
er,  drawn  on   detailed  draw- 
lied  for,  however,  in  the  title,  and  they 
vn  in  assembly  drawings,  in  which  case 
nted,  and  with  the  principal 


I 


only,  if  any,  given. 
Additional  information  on  the  construction  of  standard 
nuts  and  bolts,  machine  and  wood  screws,  together  with  the 
standard  gauges  for  Morse  drills,  and  steam,  gas,  and  water 
pipes  are  found  at  the  end  of  this  paper  under  Use 
Tables. 
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rNSTRUCnONS  AND  DEFINITIONS 

66.  Before  starting  work  on  the  next  plate,  further 
instructions  and  definitions  are  necessary. 

F&,rt  Numbers. — When  a  detailed  working  drawing  is 
completed,  letters  or  numbers  are  placed  near  the  parts 
delineated  so  that  they  may  be  easily  identified,  and  this 
practice  will  be  followed  on  all  future  plates,  a  number 
being  placed  near  the  part  and  enclosed  by  a  circle  |"  in 


diameter,  thus 


® 


Part  numbers  start  at  1.  Be  careful  to  place  them  at  a 
point  where  they  will  not  interfere  with  dimensions,  center 
lines,  or  surface  lines.  These  part  numbers  will  be  referred 
to  in  the  material  list,  as  explained  later. 

66,  Pattern  Numbers. — All  machine  details  which  are 
made  from  castings  must  first  have  a  pattern,  and  it  is  com- 
mon practice  to  have  the  draftsman  call  for  these  patterns, 
giving  them  the  proper  number  by  which  they  can  be  known 
and  referred  to.  The  first  time  a  part  which  requires  a 
pattern  is  shown  on  a  drawing,  it  will  have  a  pattern  num- 
ber assigned  to  it,  which  will  be  the  number  of  the  drawing 
with  a  letter  annexed,  thus:  Part  1,  Plate  1004,  is  made  of 
cast  brass  and  its  pattern  number  will  be  1004-A.  This 
number  serves  as  an  immediate  means  of  identification  and 
gives  any  person  who  handles  the  pattern  the  number  of 
drawing  upon  which  all  dimensions  can  be  found.  This 
pattern  number  is  called  for  in  the  material  list  of  which  an 
explanation  follows. 

67.  Material  lilst.  —  All  detailed  working  drawings 
have  a  list  of  materials  placed  at  some  convenient  part  of 
the  drawing,  which  is  a  list  of  parts  shown  on  the  drawing, 
the  number  of  parts  necessary  to  complete  the  apparatus 
shown,  the  material  from  which  they  are  made,  and  a  note 
calling  for  patterns  when  they  are  necessary.  This  material 
list  15  best  placed  above — and  is  practically  an  extension 
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of — the  title.  The  list  is  divided  into  six  columns  which, 
taken  together,  are  4"  wide,  the  same  width  as  the  main 
title  previously  described.  Starting  at  the  left-hand  side, 
columu  I  is  made  J"  wide  and  is  the  quantity  column,  show- 
ing the  number  of  parts  required  in  order  to  complete  the 
part  detailed;  column  2  is  made  1|"  wide,  and  gives  the 
common  shop  name  of  the  part;  column  3  is  }"  wide,  and 
shows  the  part  number;  column  i  is  made  1"  wide,  and 
shows  the  material  from  which  the  part  is  to  be  made; 
column  6  is  made  |"  wide,  and  is  reserved  for  the  word 
"pattern  "when  one  is  necessary;  column  6  is  made  \"  wide, 
and  contains  the  letter  by  which  the  pattern  will  be  known 
when  called  for,  it  being  preceded  by  the  number  of  the 
drawing.  It  frequently  happens  that  patterns  made  for  one 
machine  can  be  used  to  produce  castings  -for  another 
machine  under  construction.  In  Such  cases  the  pattern 
would  be  designated  in  the  material  list  by  the  number  and 
letter  first  assigned  to  it.  It  is  not  at  ali  necessary  to  put  a 
heading  over  th'"se  columns,  as  the  use  which  is  made  of 
them  soon  fixes  their  object  in  the  mind  of  the  draftsman. 

The  material  list  is  divided  into  sections  by  horizontal 
lines  ^"  apart.  Standard  details,  such  as  machine  screws, 
bolts,  nuts,  washers,  keys,  and  similar  parts,  have  part 
numbers  assigned  to  them,  but  are  seldom  detailed  on  the 
drawing,  the  material  list  giving  all  the  information  that  is 
necessary  in  order  to  supply  them  to  the  person  who  is  to 
assemble  the  part. 

The  material  list  is  best  arranged  in  such  a  way  that  the 
lowest  number  is  put  at  the  bottom  of  the  list.  The  reason 
for  this  is  to  permit  the  adding  of  another  detail,  if  such 
should  become  necessa  y,  or,  in  other  words,  placing  the 
parts  in  this  order  in  the  title  permits  the  extension  upwards 
of  the  space  occupied  by  the  latter  as  desired,  some  titles 
being  short  (vertically)  and  others  long,  according  as  the 
machine  drawn  is  more  or  less  complicated. 


68.     Position  of  Views. — The  main  view  or  elevation 
once  having  been  located,  the  right-hand  view  of  object  will 
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be  shown  at  the  right  of  the  elevation,  the  top  view  at  the 
top,  bottom  view  at  the  bottom,  etc.  This  method  of  loca- 
tion of  views  is  technically  known  as  third-angle  projection 
and  is  more  generally  \is%6,  thd^n  first-angle  projection,  which 
differs  from  it  by  having  the  right-hand  view  of  the  object 
placed  on  the  left-hand  side  of  the  main  plan,  the  bottom  at 
the  top,  etc.  An  explanation  as  to  the  use  of  the  first-angle 
and  third-angle  projection,  is  given  fully  in  Practical  Pro- 
jection, Either  plan  may  be  used,  but  each  drawing  office  has 
a  standard  practice  which  must  be  followed.  In  the  plates 
which  follow,  third-angle  projection  is  adopted  as  standard. 


PliATE   1004,  TITIiEj 
MACHINE  DETATLS 

69.  This  Plate  is  intended  to  give  the  student  practice 
in  drawing  helical  curves.  In  the  previous  plates  screw  * 
threads  have  been  represented  by  straight  lines,  and  this 
conventional  plan  is  followed  whenever  possible  to  save  time. 
When,  however,  the  dimensions  of  a  threaded  piece  are 
large,  especially  when  the  pitch  of  the  thread  is  steep  and 
the  scale  used  is  large,  the  true  projection  of  the  screw 
thread  is  often  drawn;  this  the  draftsman  should  do  with  as 
little  loss  of  time  as  possible.  The  necessary  directions  are 
given  below  for  each  of  the  three  parts  represented  on 
this  plate. 

It  is  often  difficult  for  a  beginner  to  form  a  clear  idea  of 
the  appearance  of  an  object  from  a  mechanical  drawing,  and 
there  is,  therefore,  shown  in  Figs.  18,  19,  and  20  half-tone 
reproductions  of  photographs  of  the  parts  represented  by  the 
drawing.  The  attention  of  the  student  is  particularly  called 
to  the  method  of  drawing  the  adjusting  screw,  2,  it  being 
broken  at  two  points,  in  order  to  permit  it  to  be  drawn 
within  the  limits  of  the  drawing. 

70.  Draw  border  lines  and  lines  for  the  title  as  shown, 
allowing  space  above  the  title  for  the  material  list  of  the 
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three  parts  which  are  to  be  described  and  drawn.  Do  not 
letter  the  title  until  the  drawing  is  completed.  All  the 
parts  shown  on  this  plate  are  to  be  drawn  full  size. 

Part  1  is  a  single-threaded  worm  with  a  1^"  hole  through 
it;  its  over-all  length  is  6J";  the  hub  diameter  is  2|",  which 
is  also  the  diameter  of  the  worm  at  the  bottom  of  the  thread. 
The  length  of  the  threaded  portion  is  3|^",  the  hub  being 
1"  long  at  one  end  and  1^*^"  long  at  the  other  end.  The 
worm  has  a  diameter  of  4"  over  the  outside  of  the  threads. 
^  The  method  of  drawing  the  worm  is  as  follows,  referring 
to  Fig.  21.  Draw  a  center  line  ;;/;/,  3 J"  from  the  left- 
hand  border  line.  Parallel  to  this  line  draw  two  other 
lines  /^and  rs,  each  2|" -i- 2  =  l^V  from  it;  these  lines 
determine  the  bottom  of  the  thread,  and  also  the  diameter 
of  the  hub.  Then  draw  two  lines  tu  and  viv  parallel  to 
the  center  line,  and  4" -^  2  =  2"  from  it;  they  determine 
the  top  of  the  thread. 

Locate  two  points  a  and  a'  on  the  center  line  6^^"  apart, 
a  being  1\"  from  the  lower  border  line.  Through  both  of 
these  points  draw  with  the  T  square  a  perpendicular  to  the 
center  line,  thus  defining  the  length  of  the  hub.  Locate 
two  other  points  b'  and  b  on  the  center  line,  one  1^"  below 
a'  and  the  other  1"  above  a.  Through  these  points  draw 
perpendiculars  to  ;//;/;  these  lines  are  to  limit  the  length  of 
the  threaded  portion  of  the  worm. 

71.  Now  proceed  to  construct  the  thread.  This  will 
necessitate  a  number  of  construction  lines  being  drawn  that 
are  not,  however,  to  appear  on  the  final  tracing;  they  are 
made  on  the  pencil  drawing  only.  The  pitch,  that  is,  the 
distance  between  the  top  of  one  turn  of  the  thread  and  the 
corresponding  point  on  the  next  turn,  is  IJ",  and  since  the 
length  of  the  threaded  portion  of  the  worm  is  3}§",  there 
will  be  3}-|"-T-li"  =  3J  turns  of  the  thread;  hence,  the 
number  of  equal  spaces  representing  the  tops  and  bottoms 
of  the  thread  is  3i  X  2  =  7;  therefore,  divide  the  line  b  b' 
into  seven  equal  parts  h  I,  I  II,  etc.  The  thread  itself  is  to 
have  approximately  the  shape  of  a  V  thread,  except  that 
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instead  of  making  the  angle  x  60°,  this  angle  is  determined 
from  the  pitch  of  the  thread  and  the  amount  of  flattening  at 
the  top  and  bottom.     Referring  to  the  Plate,  the  dimen- 


sions show  that  th 
bottom,  is  3";  that 


:  flattening  at  the  top,  and  also  at  the 
is.  </(■  and  f^^',  Fi^j.  ai,  are  each  equal 
-arh  side  uf  th;;  division  points  /;.  /,  //, 
n;d,  lay  off  »"  -:-  'i    =    ,\",  and  draw  c^. 
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dd\  ee\  ff\  gg\  etc.,  perpendicular  to  mtty  which,  inter- 
secting with  the  lines  tu^  pq^  r  s,  and  vw  locate  the  points 
defining  the  tops  and  bottoms  of  the  thread.  Draw  the 
straight  lines  cd^  ef,  etc.,  and  c'  d\  e' f\  etc.,  as  shown. 
Note  herewith  that  the  top  of  the  thread  on  one  side  corre- 
sponds to  the  bottom  of  the  thread  on  the  other  side  of  the 
center  line. 

73.  To  construct  the  curves  defining  the  helixes,  locate 
some  point  o  on  the  center  line,  and  with  ^?  as  a  center, 
draw  two  semicircles  whose  diameters  are  equal  to  the  top 
and  bottom  diameters  of  the  threads;  that  is,  4"  and  2f", 
respectively.  Divide  the  semicircles  into  any  convenient  num- 
ber of  equal  parts.  This  is  done  by  first  dividing  the  exte- 
rior semicircle  into  the  required  number  of  parts,  as  Oy  i,  ^, 
Sy  4y  5,  and  6,  then  drawing  radii  to  each  point  from  o; 
this  divides  the  interior  semicircle  into  the  same  number  of 
equal  parts  at  the  points  0\  1\  2\  3\  4',  6\  and  6',  The 
division  of  the  circles  is  most  quickly  effected  by  the  use  of 
the  60**  triangle.  If,  as  in  this  particular  case,  six  divisions 
are  chosen  for  reasons  now  to  be  explained,  the  pitch  must 
be  divided  into  twice  the  number  of  equal  parts  that  the 
semicircles  have  been  divided  into,  that  is,  into  12  parts,  in 
order  to  also  delineate  the  rear  part  of  the  thread.  As  the 
pitch  is  1\"  =  II",  these  divisions  are  ||"  ~  12  =  ^y" 
apart.  The  lines  r^',  dd\  e  e\  ff\  etc.  are  either  ■^"  or  \" 
apart,  and  those  that  are  \"  apart  already  have  the  distance 
between  them  halved  by  the  points  /,  //,  ///,  etc. ;  hence, 
these  divisions  can  be  utilized  at  once,  and  it  is  only  neces- 
sary to  halve  them  again  to  p^et  the  required  12  divisions. 
Draw  perpendiculars  to  ;;/  n  through  the  division  points. 
From  points  i,  2,  8,  ^  5,  and  1\  2\  3\  ^',  6\  of  the  semi- 
circles, draw  lines  to  intersect  the  aforesaid  perpendic- 
ulars. The  intersections  are  points  of  the  helixes,  those 
made  with  lines  1-1,  2-2,  SS,  J4.-J4.,  5-5,  belonging  to  the 
top  of  the  thread,  those  made  with  lines  l'-l\  2'-2\  3'S\ 
Jlf-i\  5'-5\  belonging  to  the  bottom  of  the  thread,  as  shown 
in   Fig.   21.     Through   the   points   which   have  thus   been 
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located,  draw  a  curve,  as  shown,  using  fur  this  purpose  the 
irregular  curve.  The  remaining  ouiiines  of  the  thread  ca 
be  drawn  in  the  same  manner;  but  an  easier  and  quick' 
method  is  to  cut  a  curve,  of  the  same  shape  as  those  already 
drawn,"  out  of  bristol  board  or  cardboard  and  use  it 
templet.  It  will  be  noticed  that  the  part  of  the  curves- 
between  points  :2  and  4,  and  S'  and  4',  respectively,  is  very 
flat;  it  is  so  nearly  a  straight  line  that  it  may  be  so  considered 
and  drawn,  so  that  the  irregular  curve  will  have  to  be  used 
only  to  delineate  the  parts  0-7-3,  O'-l'-^,  4-S-6,  and  4'-5'-8' 
of  the  helix.  The  student  will  do  well  to  draw  the  straight 
portions  of  the  helixes  first,  and  to  employ  in  doing  so  his 
two  triangles  in  the  manner  shown  in  Geometrical  Drawing^ 
the  lines  being  parallel,  and  then  to  join  on  the  curved- 
portions. 

Draw  two  other  lines  (see  Plate)  parallel  to  the  center' 
.line  and  IJ"  -;-  2  =  J"  from  it;  these  lines  will  be  dotted 
and  determine  the  location  of  the  hole  through  the  hub. 

73,  The  top  view  of  the  worm  is  shown  above  the  figm 
just  constructed,  and  consists  mainly  of  circles,  the  centi 
one  showing  the  hole,  the  next  one  the  diameter  of  the  hub, 
and  the  outer  one  the  outside  diameter  of  the  screw,  Thi» 
view  is  located  with  its  center  on  the  extended  center  line 
of  the  lower  view,  letting  the  center  of  the  concentric 
circles  be  2^"  below  the  upper  border  line.  When  the 
thread  is  cut  in  the  lathe  it  runsout,  on  both  ends  natu- 
rally, into  thin  edges  which  are  afterwards  rounded  off  more 
bluntly.  This  is  shown  conventionally  by  the  curves 
plan  and  elevation;  see  kfc'.  Fig.  31, 

A  key  way  ^"  deep  and  |"  wide  is  cut  through  the  central, 
part  of  the  worm  in  order  to  keep  it  from  turning  on  thi 
shaft  on  which  it  will  be  placed.  This  keyway  is  plainly^ 
shown  in  the  plan,  and  is  indicated  in  the  elevation  by 
dotted  lines. 


I 

I 


74.     Part  2  on  Plate  1004  is  a  triple-threaded,  adjusting 
screw  with  a  tapered  hexagonal  head,  and  is  drawn  full  size. 
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It  is  also  shown  broken  at  two  points,  since  if  shown  in  its 
full  length,  a  smaller  scale  would  be  necessary. 

Draw  a  center  line  parallel  to  and  9"  from  the  left-hand 
border  line.  The  method  of  constructing  the  screw  is  the 
same  as  that  shown  in  con- 


i 


i 


? 


::!-, 


T 


^ 


^1 


"~~.... 


iiZE: 


""-x 


1 


PIO.  28 


nection  with  the  worm,  ex- 
cept that  the  thread  is  square 
instead  of  V-shaped.  The 
pitch  or  distance  between 
corresponding  points  of  the 
same  thread  is  1|" ;  the  depth 
of  the  thread  is  rf^'\  and  the 
width  of  the  thread  at  base 
and  root  is  -j^".  Tliree  sep- 
arate curves  are  constructed, 
there  being  three  separate 
threads.  (If  the  screw  had 
been  a  double  or  a  quadruple 
one  the  number  of  divisions 
chosen  for  the  semicircles  would  properly  have  been  8,  for 
in  laying  out  the  tops  and  bottoms  of  the  threads  one  would 
have  obtained  already  4  or  8,  respectively,  of  the  required 
divisions  of  the  pitch,  as  shown  in  the  accompanying  sketch, 
Fig.  22,  where  the  dotted  lines  indicate  the  paths  of  the  two 
threads.)  A  templet  can  be  made  as  before,  after  one  of 
the  threads  has  been  fully  constructed. 

In  order  to  properly  construct  the  tapered  hexagonal 
head,  it  should  be  noticed  (see  Plate  1004)  that  the  dimension 
given  is  1}"  across  flats  at  a  point  1"  from  the  end  of  the 
adjusting  screw,  the  rounded  top  portion  not  being  con- 
sidered in  dimensioning.  Locate  the  point  c  on  the  center 
line,  Fig.  23,  3"  below  the  upper  border  line,  and  draw 
through  it  a  perpendicular  ab.  With  the  point  ^  as  a 
center,  draw  a  semicircle  1|"  in  diameter,  this  being  the 
dimension  across  flats,  and  using  the  60°  triangle  and 
T  square,  draw  tangents  to  the  semicircle  to  locate 
points  a^  b^  x^  and  y\  through  the  points  x  and  y  draw  lines 
parallel  to  center  line  and  intersecting  a  b.     These  points 
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determine  the  points  in  which  the  lines  defining  the  edges 
of  hexagonal  head  inter- 
sect a  b. 

To  determine  the  J 
proper  taper,  draw  ; 
linert'^',  Fig.  33,  4J"  (set 
Plate)  from  and  paralld 
to  ab,  and  proceed 
before,  in  the  present  i» 
stance  drawing  a  sem 
circle  on  the  linea'^',  witll 
a  diameter  of  2J", 
being  the  distance  a 
the  lower  sides  of  thl 
flats.  Find  the  poinU 
of  intersection 
same  manner  a 
points  of  intersection  i 
top  are  determined,  and 
corresponding  to  a,  x,  y, 
and  b.  The  tapered  por- 
tion being  so  long  that 
it  cannot  be  conve- 
niently shown  upon  the 
drawing,  it  is  broken; 
consequently,  the  lines 
that  have  been  penciled 
will  not  be  fully  drawn, 
the  top  portion  only  of 
the  tapered  lines  being 
drawn. 

In  order  to  draw  the 
lower  portion,  locate  the 
line  rs  perpendicular  to 
the  center  line  and  at 
some  convenient  point, 
for  instance  2|"  below 
ab.      Project  the  points 
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already  located  for  the  lower  portion  of  the  hexagonal  por- 
tion of  the  adjusting  screw;  then  draw  lines  through  these 
points  parallel  to  the  tapering  lines  already  determined  for 
the  top  portion. 

The  methods  of  constructing  curves  at  the  head  and  base 
of  this  hexagonal  portion  of  this  screw  will  be  the  same  as 
those  used  in  the  preceding  plate  in  laying  out  the  hex- 
agonal bolts  and  nuts. 


76.  Part  3  on  Plate  1004  is  a  helical  spring,  drawn  full 
size.  It  is  made  of  ^"  square  steel  wound  around  a  2"  man- 
drel in  such  a  manner  that 
J"  space  remains  between  the 
turns  for  the  play  of  the 
spring.  The  curves  formed 
by  the  edges  of  the  twisted 
steel  bar  are  helixes,  as  in  a 
screw  thread,  and  have  a 
pitch  equal  to  the  height  of 
the  bar  plus  the  clearance, 
or  i"  +  i"  =  J".  To  draw 
the  spring  proceed  in  a  man- 
ner similar  to  that  employed 
in  drawing  the  worm,  laying 
out,  Fig.  24,  the  top  and 
bottom  lines,  j^  //,  k  /,  op,  etc. 
of  the  coil,  the  distance  //  / 
t>eing  y ,  /p  being  ^",  p  r  be- 
i^g  i">  ^tc,  and  then  con- 
structing the  helixes.  The 
latter  are  very  flat,  and  it  wiU 
be  sufficient  to  determine  just 
one  point  of  the  curves  on 
each  side  near  the  extreme 
right  and  left,  the  rest  being 
indicated  by  straight  lines.  To  determine  these  points, 
draw  in  the  plan,  the  center  of  which  is  located  4tV'  above 

the  lower  border  line,  two  radii  o  a  and  o  b.  Fig.  24,  with  a 
r>4— 14 
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80°  triangle,  and  draw  parallels  a  a\  c  c\  dd\  and  b  V  to  the 
center  line  nt  n  from  the  intersections  of  the  radii  with  the 
circles.  Since  the  angles ao s and  bos'  are  30°  =  ^^  =  ^ of 
a  circle,  the  pitch  would  be  divided  into  12  equal  parts,  were 
the  helixes  drawn  exactly  correct.  Hence,  on  each  side  of 
the  top  and  bottom  lines  of  the  coil  lay  off  points  e\  e^\ 
f\  f"y  etc.,  the  distances  ee\  ee'\  etc.,  being  -j^  of  the 
pitch,  or  in  this  case,  J"  ^  12  =  ^^".  Draw  the  curves  ^'^^', 
fg" f",  etc.  freehand,  making  them  look  well  and  uniform 
in  outline.  Do  the  same  on  the  right-hand  extremities  of 
the  helixes  and  connect  the  proper  curves  by  straight  lines, 
as  shown. 

76.  This  Plate  serves  to  give  practice  in  representing 
helixes.  It  would  not  be  bad  practice,  however,  to  repre- 
sent the  curves  wholly  by  straight  lines,  especially  if  the 
drawing  must  be  quickly  made,  and  particularly  in  the  case  of 
parts  1  and  3,  in  which  the  curves  are  very  flat.  In  the  case 
of  part  S,  the  substitution  of  straight  lines  for  the  curves 
would  look  somewhat  awkward  on  account  of  the  large 
pitch. 

In  a  hurried  drawing,  one  would  then  perhaps  draw  this 
part  to  a  smaller  scale,  when  the  substitution  of  straight 
lines  for  the  curves  would  be  less  objectionable;  or  the 
thread  may  be  represented  in  the  conventional  form  shown 
in  Fig.  1,  Plate  1003,  and  a  note  added  calling  for  a  triple 
thread. 


PliATE   1005,  TITTjT]: 

HAND    WHEEL.    ANI>   rUIit.EY 

77.  The  objects  to  be  drawn  on  this  Plate  are  shown  in 
half-tone  reproductions  of  photographs,  Figs.  25  and  2G. 
Attention  is  called  to  the  relative  size  of  the  hand  wheel, 
part  1  on  Plate  1005,  and  the  pulley,  part  2.  The  latter,  it 
will  be  noted,  is  much  larj^er  than  the  former,  but  appears 
smaller  in  the  drawing,  being  drawn  to  |  scale,  while  the 
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Hid  wheel  is  drawn  full  size.     This  plate  affords  an  illus- 

ation   of    a   very  common 

■actice  of  showing  standard 

iris  on  a  very  much  reduced 

ale,   while  those    less    com- 

only  used  are   drawn   full 

Be  or  as   nearly   so  as  may 

f  possible. 

It  will  also  be  noticed  that 

third  part  called  for  in 
ie  title  is  not  shown  on 
le   drawing;    this   is   a    set-  ^""'  '^ 

few  I"  in  diameter,   11  threads  to  the  inch,  a  common 
|d   commercial   article,   which   is   fully   understood   from 
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the    description     in    the     bill    of     material    ■ 
"4"-ll  setscrew." 

78.  On  this  Plate  finish  marks  are  introduced,  being 
indicated  by  the  letter/,  showing  that  the  surfaces  are  to  be 
machine  finished  where  the  marks  appear. 

Where  it  is  desired  to  show  a  finish  for  a  portion  of  a 
surface  only,  as  on  the  rim  of  the  hand  wheel,  the  finished 
portion  is  limited  by  lines  between  which  the  finish  line  is 
drawn,  as  shown  on  the  right  of  the  lower  figure  repres 
ing  a  sectional  view  of  the  hand  wheel. 


-sei^H 


79.  It  is  also  frequently  desirable  or  necessary  to  show 
some  portion  of  an  object  more  in  detail  than  is  necessary 
on  the  rest  of  the  figure;  this  is  illustrated  in  the  cross- 
section  of  the  pulley  at  the  point  GH  and  drawn  full 
size  below.  A  section  of  this  sort  when  not  shown  as 
a  regular  part  of  a  drawing,  may  be  put  at  any  convenient 
place  on  the  sheet,  near  to  main  views  of  the  part  dran^H 
if  possible.  ^H 

80.  On  the  plan  (top  view)  of  parts  l  and  8,  cross- 
sections  of  the  arms  are  indicated  at  points  near  the  hub  and 
rim  in  the  hand  wheel  and  midway  between  hub  and  rim  in 
the  pulley;  these  sections  show  that  the  arms  are  oval 
in  shape,  the  thicknesses  being  given  in  the  lower  views — 
I"  in  the  hand  wheel  and  |"  in  the  pulley. 

To  draw  the  Plate  proceed  as  follows:  Starting  with 
part  1,  draw  a  horizontal  center  line  mn.  Pig.  37,  5"  from 
the  upper  border  line,  and  a  vertical  center  line/>y,  41"  from 
the  left-hand  border  line.  With  the  point  a  of  the  inter- 
section of  these  two  center  lines  as  a  center,  draw  a  circle 
1|"  in  diameter,  showing  the  end  view  of  the  hub;  nest 
draw  a  circle  Ij"  in  diameter;  this  indicates  the  enlarged 
portion  of  the  hub  where  the  arms  join  it.  Next  draw  a 
square  |"  on  each  side,  whose  center  corresponds  with  the 
center  of  the  hub;  this  indicates  the  end  view  of  the  hole 
that   is  put  through  the  hub.     Draw  the  external  outline 
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of  the  band  wheel,  which  is  a  circle  7j"  in  diameter,  and 
then  the  internal  outline,  a  circle  5^"  in  diameter.     Then 


draw  the  arms,  which  are  made  up  nf  circular  arcs  whose 
centers  are  located  hy  giving  their  liistant-cs  fn)ni  the  cen- 
ter lines.     Leave  the  plan  for  the  present  and  proceed  to 
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draw  the  lower  vievf,  which  is  a  section  taken  on  the  center 
line  mn. 

The  lower  view  is  what  is  called  a  conventional  sectioa, 
and  the  sectioning  indicates  that  the  material  is  cast  iron; 
this  is  verified  by  reference  to  the  bill  of  materials.  The 
rim  is  cut  on  the  horizontal  center  line,  and  so  is  the  square 
hole  in  the  hub,  but  the  hub  itself  is  represented  as  being 
cut  on  a  line  passing  between  and  free  of  the  arms.  This  is 
done  to  avoid  drawing  the  curves  that  would  result  in  cut- 
ting the  arms  by  a  true  central  section,  which  would  entail 
useless  labor.  Moreover,  the  conventional  section  allows  the 
round  outline  of  the  hub  to  be  shown  at  its  enlarged  central 
portion  between  the  arms. 

Draw  a  horizontal  center  line  r s.  Fig.  27,  2j"  from  the 
bottom  border  line.  On  this  center  line  lay  off  to  the  right 
and  left  of  the  point  of  intersection  t  with  the  vertical 
center  line  /» j,  "!{"  -;-  3  —  1"  -j-  2  =  3J",  locating  the  centers 
of  the  circles  representing  the  sections  of  the  rim.  Draw 
horizontal  lines  tangent  to  the  1"  circles;  lay  off  from  the 
upper  line  I  J"  downwards,  the  length  of  the  hub,  and  draw 
the  bottom  line  of  the  hub.  From  the  upper  figure  or  plan 
carry  down  vertical  projection  lines  representing  the  square 
hole;  also  draw  similar  lines  tangent  to  the  circles  repre- 
senting the  hub.  Next  lay  off  \"  h-  2  —  -^"  each  side  of 
the  center  line  rs,  and  draw  the  horizontal  lines,  limiting^ 
thickness  of  the  arms. 


1 


81.  Itoiind  Coraers  and  Fillets. — The  figures  are 
now  completed  except  the  sections  of  the  arms  in  the  plan, 
or  upper  figure,  the  curves  representing  the  enlarged  por- 
tion of  hub  in  the  lower  figure,  and  the  various  small 
circular  arcs  rounding  off  the  corners.  The  latter  will  be 
drawn  first,  using  the  radii  given  on  the  Plate.  Sharp  cor- 
ners are  always  avoided  in  machinery,  especially  in  castings, 
unless  called  for  by  special  reasons.  Corners  are,  there- 
fore, rounded  off.  In  the  case  of  concave  corners  the 
patternmaker  often  resorts  to  the  use  of  some  plastic  mate- 
rial, such  as  putty,  strips  of  leather,  or  even  lead  to  fill  in 
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the  corner  so  as  to  round  it.  From  this  practice  the  round- 
ing out  of  a  concave  corner  is  called  a  fillet,  and  this  term 
has  come  to  be  applied  to  the  little  circular  arc  used  by 
the  draftsman  to  represent  it. 

83.  Next  draw  the  rounded  outlines  of  the  enlarged  por- 
tion of  the  hub.  Through  the  points  of  intersection  with 
the  horizontal  center  liners,  and  the  tangents  to  the  circles 
in  the  plan  defining  the  hub,  draw  circular  arcs  tangent  to 
the  fillets,  circles  joining  the  arm  to  the  hub,  as  shown  in 
Fig.  27.  The  drawing  of  these  circular  arcs  will  require  a 
little  trying  before  the  proper  radius  is  found ;  the  centers 
lie  on  r  j,  of  course. 

Lastly,  draw  the  cross-sections  of  the  arms  in  the  upper 
figure.  As  said  above,  the  arms  are  elliptical  or  oval  in 
section.  They  are  so,  however,  only  the  greater  part  of 
their  length;  at  their  ends  they  are  smoothly  joined  to  the 
rim  and  hub  respectively,  the  ovals  thus  gradually  flaring 
out  to  run  over  into  the  surfaces  of  the  rim  and  hub.  This 
joining  need  not  be  shown  further  than  indicated  by  the 
fillets;  the  patternmaker  will  know  how  to  proceed.  The 
cross-sections  are  taken  in  the  portion  of  the  arm  where  they 
are  sure  to  be  truly  oval. 

The  section  in  the  lower  part  of  the  figure  is  taken 
on  a  line  cd  (see  Fig.  27)  passing  through  the  centers  o* 
and  €>'  of  both  circles  outlining  the  shape  of  the  arms. 
The  cutting  plane  is  thus  perpendicular  to  both  these 
curved  outlines.  The  other  section  in  the  upper  part  of 
the  figure  near  the  hub  is  taken  |"  from  the  hub  (where 
it  is  sure  to  be  truly  oval).  This  section  cannot  be  perpen- 
dicular to  both  outlining  circles,  as  the  cutting-plane  line 
cannot  be  made  to  pass  through  both  centers.  Therefore, 
a  cutting  plane  ^^  is  chosen  midway  between  a  plane  o'  x 
passing  through  center  o'  and  a  plane  o" y  passing  through 
the  center  c>\ 

83.  It  will  be  noticed  that  for  some  circles  the  radii  are 
given,  and  for  others  the  diameter.     No  general  rule  can  be 
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made  to  apply  to  the  choice  of  dimensions  of  this  sort 
except  the  general  one  that  dimensions  that  will  be  pf  ser- 
vice to  the  machinist  will  be  given  in  diameters,  and  those 
that  will  be  of  service  to  the  patternmaker  should  be  given 
as  a  radius;  machinists  use  calipers  to  determine  correct 
diameters,  while  the  patternmaker  lays  out  his  work  from  a 


radius  dimension.  It  will  be  noticed  also  that  the  dimension 
for  the  bore  of  the  pulley  is  written  in  a  manner  different 
from  the  others;  that  is,  it  is  not  indicated  by  means  of 
a  line  with  arrowheads  on  both  ends.  The  word  bore 
indicates  that  the  pulley  pattern  provides  for  a  hole 
much  smaller,    so   that   it  can   be   bored   out  for  smaller 
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shafts,    if  so  desired.     The  dimension  given  (If)  is  for 
the  machinist. 


84.  Part  JB  is  very  similar  in  shape  to  part  1,  except  that 
it  is  much  larger,  that  the  rim  is  flat — because  it  is  intended 
to  carry  a  driving  belt — and  that  the  arms  have  straight 
outlines.  Being  much  like  the  hand  wheel  otherwise,  the 
pulley  is  drawn  in  much  the  same  manner.  The  scale  used 
is  3"  =  1  ft. 

Locate  the  horizontal  center  lines  tn  n  and  r  s  (see  Fig.  28) 
3|"  and  t\'\  respectively,  from  the  upper  border  line,  and  the 
vertical  center  line^^  4r|"  from  the  right-hand  border  line. 
Draw  circles  about  o  representing  the  outside  and  inside  of 
the  rim  and  hub.  The  outside  of  the  rim  will  be  represented 
by  two  circles,  an  outer  one  20"  in  diameter  giving  the  out- 
line of  rim  at  the  center,  and  an  inner  one  with  a  radius 
^"  smaller  giving  the  outline  at  the  edge.  Making  the  rim 
higher  in  the  center  is  for  the  purpose  of  keeping  the  belt 
from  slipping  off.  The  amount  of  rise  in  the  center,  that 
is,  the  difference  between  the  radius  at  the  edge  and  that  at 
the  middle,  or  what  is  the  same  thing,  the  difference  between 
the  thickness  of  the  rim  at  those  two  points  is  called  the 
crown  of  the  rim,  which  is  seen  from  the  small  section  at 
the  right-hand  lower  corner  of  the  drawing  to  be  ^"  —  ^" 
=  ^",  The  inside  of  the  rim  is  perfectly  straight  and 
appears  therefore  in  the  plan  as  a  single  circle  drawn  with  a 
radius  -|^"  smaller  than  that  of  the  outermost  circle.  The 
outside  of  the  hub  is  also  represented  by  two  circles,  3"  and 
3i"  in  diameter.     The  diameter  of  the  bore  is  If". 

Now  draw  the  arms.  Lay  out  the  center  lines  a  b^  a!  b'  of 
the  four  arms  not  vertical,  by  means  of  the  60°  triangle. 
They  are  tapered,  and  the  small  end  of  each  at  the  rim  is 
1|"  across  on  tangent  to  the  inside  circle  of  the  rim;  the 
large  end  is  2"  across  at  a  point  "11"  from  the  center.  By 
these  dimensions  the  taper  of  the  arms  is  established. 
Hence,  draw  a  perpendicular  to  the  center  line  of  an  arm, 
tangent  to  the  inside  circle  of  the  rim  and  lay  off  on  it 
points  c  and  d  \\"  -4-  2  =  \-^"  from  the  center  line  on  each 
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side.  Draw  another  perpendicular  2|"  from  the  center  and 
lay  off  on  it  points  rand/  1"  from  the  center  line.  Draw 
the  lines  ce  and  df.  The  limiting  lines  of  the  arms  are 
joined  at  the  inner  ends  by  circles  of  ^P^"  radius,  lines  of 
adjacent  arms  being  tangent  to  them.  The  outer  ends  of 
the  arms  are  joined  to  the  rim  by  fillets  of  -j*^"  radius. 
Draw  in  all  these  fillets.  Draw  the  oval  section  of  the 
arm  at  A/,  Fig.  28,  midway  between  center  of  pulley 
and  rim. 

Next  draw  the  lower  figure,  a  sectional  elevation,  by  pro- 
jecting from  the  plan  the  various  diameters  of  rim,  hub  and 
hole,  and  then  laying  out  the  width  of  the  rim,  the  length  of 
the  hub,  and  the  thickness  of  arms,  exactly  as  was  done  in 
the  case  of  the  hand  wheel. 

Note  again  that  only  the  hub  and  rim  are  shown  in  cross- 
section  on  lower  view,  as  it  is  common  practice  not  to  show 
the  arms  or  any  part  of  them  in  cross-section,  even  though 
a  cutting  plane  be  passed  through  them.  Notice  also  that 
although  the  web  formed  around  the  hub  by  joining  the  arms 
by  fillets  is  intersected  by  the  cutting  plane,  it  is  not  shown 
in  the  section,  the  outer  lines  of  the  hub  being  drawn 
straight  across. 

There  should  be  no  difficulty  in  drawing  the  large  detail 
section  G  H  of  the  rim. 

The  holes  /',  k  indicate  the  positions  of  the  two  |"  set- 
screws  mentioned  in  the  bill  of  materials,  which  fasten  the 
pulley  to  the  shaft.  The  full  circles  indicating  these 
holes  are  surrounded  by  circles  in  dotted  lines,  this  being 
the  conventional  method  to  indicate  that  the  holes  are 
tapped. 

When  finishin^^  the  title  and  hill  of  materials,  note  that 
part  3  is  called  for,  hut  is  not  shown  on  the  drawing,  it 
being  a  standard  piece. 

Part  \  requires  a  pattern  to  be  made.  Hence,  the  pattern 
is  designated  by  the  number  of  the  drawing,  and  being  the 
first  on  the  list  in  the  bill  of  materials  is  marked  1005-A, 
This  fact  is  indicated  in  the  bill  of  materials  by  the  word 
Pattern,  and   being   the   first    on   the    list  it   is  marked  A. 
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The  pattern  itself  is  designated  by  the  number  of  the  draw* 
ing  and  the  letter  given  it,  hence  it  is  marked  1005-A, 

Part  2  can  be  cast  from  another  pattern  drawn  from 
specifications  furnished  on  drawing  numbered  999  and 
marked  Paftern  £  in  the  bill  of  materials.  Therefore,  in 
the  space  left  for  the  word  *'  pattern  "  in  the  bill  of  materials 
and  on  the  same  line  as  the  piece  referred  to,  insert  999-E^ 
thus  indicating  that  a  new  pattern  is  not  required. 


FIiATE  1006,  TTFLEt 
COUPIiIKO  AND  BBABIKO 

86.  The  upper  figure  shows  an  elevation  and  side  view 
of  a  fiange  coupling  used  to  connect  two  lengths  of  shafting. 
For  example,  suppose  that  in  a  shop  or  fiactory  there  are 
many  machines  to  be  driven  from  an  engine.  A  belt  is  car- 
ried from  the  driving  pulley  of  the  engine  to  a  pulley  on  a 
shaft  overhead,  which  in  turn  is  supported  in  bearings. 
This  shaft  is  strung  along  the  whole  length  of  the  shop  over 
all  the  machines  to  be  driven,  and  pulleys  are  carried  on  it 
from  which  belts  transmit  motion  to  the  various  machines. 
It  is  evident  that  such  a  long  shaft  cannot  be  made  in  a 
single  piece  and,  therefore,  it  is  put  up  in  certain  lengths 
that  are  connected  by  couplings.  Such  a  coupling  invari- 
ably consists  of  three  principal  parts,  one  that  is  securely 
fastened  to  the  end  of  one  shaft,  a  second  that  is  similarly 
fastened  to  the  end  of  the  other  shaft  to  be  connected  to  the 
first,  and  a  third  part  consisting  of  means  to  firmly  fasten 
the  first  two  parts  together. 

In  the  flange  coupling  drawn  on  Plate  1006  these  three 
principal  parts  are  the  flange  numbered  1,  the  flange  num- 
bered S,  and  the  bolts,  of  which  there  are  six,  numbered  3. 
The  flanges  are  fastened  to  the  shafts  by  keys,  which  pre- 
vent them  turning  thereon,  and  the  bolts  in  turn  fasten  the 
two  flanges  together,  so  that  the  whole  structure  becomes  a 
solid  piece.  The  coupling  is  intended  for  two  2J"  shafts, 
and   both   flanges   are,  therefore,   bored   out   to  that   size. 
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The  lower  part  of  the  elevation  shows  the  coupling  in  cross- 
section  with  a  bolt  in  position.  The  upper  part  shows  the 
external  view  of  the  coupling,  the  dotted  lines  indicating 
the  position  of  the  raised  boss  on  part  1  which  fits  into  the 
recess  in  part  S,  recess  and  boss  insuring  true  alinement 
when  the  two  parts  which  have  been  previously  keyed  to  the 
shaft  are  bolted  together. 

The  two  parts  of  the  coupling  are  first  bored  and  then 
faced  up  on  the  abutting  surfaces;  they  are  then  clamped 
together,      and     the  I 


86.     To  begin,  draw  the  center  lines:  a  horizontal  center! 
line  m».  Fig.  31,  3|"  (full  size)  from  the  upper  border  Unaj 
across    the    whole    sheet, 
serving  for  both  the  left- 
hand    and     right-hand 
views;  a   vertical   center  I 
line/y,  4i"  from  the  left-  ' 
hand  border    line,  repre- 
senting  the    joint  of   the 
two  halves  of  the  coupling ; 
and  a  third  center  line  rs,  drawn  vertically  b\"  from  thff] 


.1  siaej   irom  Liie  up|Jci   uuiuci    iiuai 

mm 
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right-hand  border  line  for  the   right-hand  figure,    or  side 
view.      The  scale  to  be  used  is  6"  =  I  ft. 


Draw  the  side  view  first.     Describe  a  circle  with  a  radius 
of   2J"  -i-  2  =  1{"   from   the    inlersection  a  of   the   center 
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i  mn  and  rs  as  a  center;  this  represents  the  bore  for 
lie  shaft.  Next  draw  in  the  keyway,  J"  wide  and  ^"  deep. 
Two  circles  described  from  the  same  center  and  having 
radii  of  fi"  -j-  3  =  3i"  and  lOj"  ~  3  =  b\",  represent  the 
side  view  of  the  hub  and  the  outside  of  the  flanges,  respect- 
ively. By  reference  to  the  lower  half  of  the  elevation  it 
will  be  seen  that  the  flanges  are  recessed,  leaving  a  rim  of 
only  J"  in  thickness.  Hence,  with  a  radius  of  5g"  — f" 
=  5"  and  a  center  o,  draw  a  circle  concentric  with  the  out- 
side circle,  to  represent  the  inside  edge  of  the  rim.  By 
means  of  the  60°  triangle  draw  the  remaining  center 
lines  ab,  a' b'  of  the  bolt  holes  and  intersect  them  by  cir- 
cular arcs  having  a  radius  of  3J".  Draw  in  the  bolt  holes 
in  the  lower  half  of  the  figure  by  drawing  circles  1"  in 
diameter.  Draw  the  end  view  of  a  nut  on  the  middle  one 
of  the  lower  three  bolt-hole  centers,  according  to  directions 
given  in  connection  with  Plate  1003. 

The  elevation  is  now  to  be  drawn.  On  either  side  of  the 
vertical  center  line/y  lay  off  5",  the  length  of  hubs  of  the 
coupling,  and  draw  vertical  lines  through  the  points 
obtained.  Lay  off  similarly  2|"  and  1"  on  either  side  of  the 
vertical  center  line  and  draw  vertical  lines  to  represent  the 
edges  of  the  Sanges  and  the  thickness  of  the  webs  of 
the  flanges,  respectively;  the  latter  lines  may,  however,  be 
quite  short,  as  they  appear  only  in  the  lower  half  of  the 
figure.  Now  carry  over  from  the  side  view,  by  means  of 
the  T  square,  two  horizontal  lines  tangent  to  the  outside 
circle  intersecting  the  vertical  lines  limiting  the  width  of  the 
flanges.  Carry  over  similarly  horizontal  lines  tangent  to 
the  circle  representing  the  side  view  of  the  hub.  These  will 
intersect  the  vertical  lines  limiting  the  lengths  of  the  hu[ 
the  lower  horizontal  will  also  intersect  the  verticals  tl 
limit  the  thickness  of  the  webs  of  the  flanges.  A  tangi 
carried  over  horizontally  from  the  bottom  point  of  the  cin 
representing  the  outer  outline  of  the  rim  will  also  intersect 
verticals  in  the  elevation  completing  the  sectional  outline 
the  coupling.  Carry  over  the  horizontal  center  line  »  v  of 
the  bolt  from  the  end  view  and  complete  the  drawing  of  the 


will 

I 
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bolt  in  the  usual  manner.  Round  off  all  sharp  corners, 
using  radii  as  given  on  the  plate.  The  right-hand  half  of 
the  coupling  has  a  circular  recess  4"  in  diameter  and  ^"  deep 
bored  in  it;  draw  this  by  laying  off  on  either  side  of  the 
horizontal  center  line  ;;/ «,  4"  -r-  2  =  2",  and  on  the  right  of 
the  vertical  center  hnepq  (or,  what  is  the  same  thing,  the 
face  of  the  flange),  lay  off  ^",  and  draw  the  horizontals  and 
a  vertical,  respectively,  through  the  points.  Represent  this 
recess  in  the  side  view  also,  by  drawing  a  dotted  circle  with 
a  4"  -T-  2  =  2"  radius.  Into  the  recess  of  the  right-hand 
half  of  the  coupling  just  drawn  fits  a  boss  projecting  ^" 
from  the  face  of  the  left-hand  half  of  the  coupling;  repre- 
sent this  by  drawing  a  vertical  line  J"  to  the  right  of  the 
vertical  center  line  pg.  The  verticals  representing  the 
bottom  of  the  recess  and  face  of  the  boss  are  dotted  in  the 
upper  half  of  the  figure,  as  they  are  hidden  there.  The  left- 
hand  half  of  coupling  has  also  a  circular  recess  turned  in, 
smaller  in  diameter  than  the  boss,  namely  3^-";  it  is  ■^^"  deep 
measured  from  the  face  of  the  boss.  Draw  in  this  recess 
and  round  its  bottom  corners;  also  represent  it  in  the  side 
view  by  a  dotted  circle  of  proper  diameter.  Next  carry 
over  the  top  line  of  the  shaft  bore  horizontally  from  and 
tangent  to  the  circle  representing  the  bore  in  the  end  view; 
this  line  must  be  dotted  in  the  upper  half  of  the  elevation,  as 
it  is  hidden  from  view.  Finally  carry  over  the  bottom 
lines  of  the  shaft  bore  and  the  keyway,  shown  in  full  in  the 
lower  half  of  the  elevation.  Put  in  the  section  lining  and 
dimensions. 

87.  Part  4  on  this  drawing  is  a  self-alining,  sclf- 
oiling,  dynamo  bearing  for  a  2i"  shaft.  In  Ki^.  iJO  a  half- 
tone reproduction  of  a  photo^^raph  of  this  \)'u:(n:  is  ^iv<:n 
to  enable  the  student  to  form  a  (;orn:ct  idea  of  its  actual 
appearance.  A  shaft  bearing,  gt:n<:rally  sjxiakin^,  is  a  sta- 
tionary machine  part  havin;^  a  h<jh:  into  whirh  fits,  and  in 
which  turns,  a  movable  cyliiHlrical  \nf<*ty  i\\*:  sliaft.  l.'pon 
a  shaft  are  carried  other  niaMjin*:  j^'iri-)  de^ij^ned  lo  turn 
with  it,  as,  for  instance,  the  aruiaiure  in  a  dynamo.     There 
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are  generally  two  bearings  to  a  shaft  of  a  machine.  (. 

each  side  of  the  part  carried  by  the  shaft.      In  order  that 

the  shaft  may  turn  freely,  the  two  bearings  must  be  exactly 


Flo  a» 
in  line  all  the  time.  To  insure  this  against  any  possiU 
distortion  of  the  machine  frame  or  bending  of  the  shi 
bearings  are  often  made,  as  the  cnt  here  represented,  £ 
alining;  that  is,  they  are  so  located  ui  the  frame  that  1 


can  adjust  themselves  to  any  slight  variations, 
here  shown  has  for  the  purpose  a  spherical  •  I 


•  Strictly  speaking,  the  boss  is  not  spherical,  being  only  a  part  of  a 
Bphere.  However,  for  practical  purposes,  it  is  very  convenient  to 
refer  to  any  part  of  a  sphere,  eicept  half  a  sphere  (hemisphere)  as  ■ 
■phere  or  ball,  and  this  practice  w«tl  be  followed  thron^hont  f 

side  red  advisable. 


I  kind,  unless  some  other  dcsignatioi 
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the  ball^  Fig.  32,  the  center  of  which  rests  in  a  correspond- 
ingly hollow  seat,  called  the  socket^  in  the  machine  frame, 
shown  in  Fig.  33.  As  it  rests  there,  movable  of  course, 
friction  would  be  liable  to  cause  the  bearing  to  turn  with 
the  shaft.  To  prevent  this,  a  slot  is  cut  across  the  boss 
at  ^,  Fig.  32,  into  which  fits  a  pin  projecting  from  the  sta- 
tionary frame.  Fig.  33. 

When    two    surfaces    move,    one    on    the    other,    they 
necessarily   rub   each   other,    producing  friction,  and   this 
not   only  consumes   power,    but  creates   heat   and   is   lia- 
ble to  injure  the  surfaces.     The  amount  of  friction  varies 
between  different  materials,  certain  combinations  offering 
less  friction  than   others.     It   has   been   found    that   steel 
shafts   move   with*  a  comparatively  small  amount  of   fric- 
tion   on   a   softer   metal.      So   bearings   are   usually   lined 
with    Babbitt   or  similar   material.     The   great  expedient, 
however,    to   reduce   friction,    is   lubricating   the    surfaces 
with  oil,  which   lubrication   must  be   kept   up   constantly. 
To   reduce   the   necessary   labor   of  the   attendant  and   to 
insure    constant    regular    lubrication,    bearings   are   often 
made   self-oiling;    that    is,    are   provided   with    means    by 
vrhich  the   oiling  is   done   automatically.     In   the   bearing 
shown  this  is  done  by  hanging  over  the  shaft  loose  rings  b 
that  dip  into  a  reservoir   of  oil,  as   indicated  in  Fig.  33. 
When  the   shaft   turns  the  rings   turn    with   it   by    adhe- 
sion  and  carry  enough  oil  from  the  reservoir  to  the  top 
of  the  shaft  to  properly   oil  it.     In   order   that   the   rings 
may   rest   on   the   top  of    the   shaft,    the   bearing    proper 
must  have  slots  c  c  cut  into  it,  as  shown  in  Figs.  32  and  33, 
and  on  the  plate.     The  bearing  shown  is  made  of  cast  iron 
and  is   babbitted  inside,  the   Babbitt   being  held   in   place 
by   dovetailed  circular  recesses  at  the  ends,  shown  in  the 
left-hand    half   of   the  elevation,  and  longitudinal  recesses 
I"  wide  and  ^'  deep,  shown  in  the  side  view;    the   bab- 
bitting is  ordinarily  done  on  a  mandrel  smaller  in  diameter 
than  the  finished  bore  of  the  bearing.     After   being   bab- 
bitted the  bearing  is  accurately  bored  and  finally  finished 
on  the  outside. 

64—16 
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The  left-hand  half  of  both  views  is  shown  in  section,  tte 
right-hand  half  giving  the  external  view.  Oil  grooves  are 
not  shown  in  the  drawing  and  are  omitted  from  all  working 
drawings  when  regular  shop  practice  is  to  be  followed,  only 
being  added  to  drawing  if  special  instructions  are  to  be 
given. 


88.     In  delineating  the  bearing,  which  is  drawn  half  size, 
proceed  in  much  the  same  manner  as  with  the  coupling. 
Draw  the  center  line  mn  (Fig.  33)  2|"  from  bottom  border 
line  and  two  vertical  center  lines,  ona  pq  4|"  from  thp  left- 
I   band  border   line   for  the  elevation,  and  another  rs   lOJ" 
■from  the  left-hand  border  line   for  the  side  view.     Begin 
'  with  the  end  view,  completing  it  as  far  as  possible,  before 
.  starting  the  other  view.     Thus  draw   circles   with  a  as  a 
tcenter,  5\",  4",  3f",  3",  and  'i\"  in   diameter  to   represent, 
rtively,  the  circular  outlines  of  the  spherical  boss  in 
5  center  of  the  bearing,  of  the  body  of  the  bearing,  of  the 
outside  of  the  Babbitt  lining,  and  the  bore.     Next  lay  ofiE 
\"  from  o  downwards  and  draw,  with  o'  as  a  center,  a  cir- 
cular arc  with  a  radius  of  S",     This  circular  arc  cuts  into 
the  circles  representing  the  body  of  the  bearing  and  the 
\  bore  at  c  and  d.     Round  off  the  sharp  corner  at  d.     Draw 
:  i"^"  slot  on  top  of  the  rounded  boss.     Draw  the  longi- 
tudinal recesses  for  the  Babbitt  \"  wide  and  ^"  deep,  their 
centers  45°  from  the  horizontal  center  line  mn.     Section- 
line  the  Babbitt   and  bearing  section.     This  view  is  now 
complete   with  the  exception   of   one   circle,    namely,  that 
representing  the  edge  of  the  boss,  the  radius  of  which  will 
have  to  be  obtained  from  the  other  view,  now  to  be  drawn. 
'  Carry  over  horizontally  from  the  end  view  the  lines  limiting 
I   the  diameters  of  the  boss,  hearing,  Babbitt  lining,  and  bore, 
I  tangent  to  the  circles  representing  these  parts  in  the  end 
Lay  off   right  and  left  from  the  center  Yme  pq  the 
[  various    distances  limiting  the  length  of    the  body  of    the 
r  bearing,  the  boss  in  the  middle,  and  the  lengths  of  thedove- 
I  tails  of  the   Babbitt  lining.     Likewise,  lay  off  2"  on  either 
ttide  oi  pq  for  the  center  lines  tu  and  vw  ot  the  oU-riog 
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slots.  Lay  these  out  next.  It  will  be  noticed  that  they  are 
narrower  inside,  near  the  shaft  by  ^"  than  at  the  surface  of 
the  bearing.  Carry  over  from  the  side  view  a  horizontal 
line  through  ^/,  which  will  intersect  tfi  and  vw  sit  x  and  x\ 
respectively.  Lay  out  the  bottom  width  of  the  slots  at 
this  point,  ^",  thereby  finding  the  points  >&,  /,  k\  and  /'. 
Carry  over  a  horizontal  from  the  side  view  through  r,  which 
intersects  /  u  and  vw  Sity  and  y,  respectively.  Lay  off  the 
width  of  the  slots*  at  this  point,  I".  Draw  verticals  from 
the  points/,  ^, /',  and^  to  the  upper  limiting  line  of  the 
bearing  and  intersecting  it ;  from  the  points  of  intersection  A, 
I,  A',  and  i'  draw  lines  to  the  points  k,  /,  k\  and  /';  also, 
lines /^,  ^/,  /'  k'y  and  g'  I'.  With  s,  the  intersection  of  the 
center  lines  m  n  and  /  ^,  as  a  center,  draw  circular  arcs 
limiting  the  outside  of  the  spherical  boss,  the  radius  being 
obtained  by  carrying  over  from  the  side  view  or  by  meas- 
urement, 5y -T-  2  =  2^^".  The  arcs  intersect  the  verticals 
limiting  the  length  of  the  boss  in  points  which  finally  give 
the  radius  for  a  circle  to  be  drawn  in  the  side  view  to 
represent  the  edge  of  the  round  boss.  Put  in  the  section 
lining,  using  the  proper  lines  for  cast  iron  and  Babbitt. 
Notice  that  the  boss  is  section-lined  all  through  in  the 
bottom  half  of  the  figure,  but  only  up  to  the  bottom  line  of 
the  slot  a  in  the  top  half,  showing  that  the  slot  runs  all  the 
way  through  the  boss. 

In  completing  the  drawing,  fill  in  the  title  and  note 
that  two  patterns  are  necessary  for  the  coupling,  pattern 
for  1,  being  A,  and  for  2,  B.  Also  note  that  six  1"  bolts 
3}"  long  with  nuts  are  required  and  are  called  for  in  title 
or  bill  of  material. 

The  part  numbered  4  is  made  of  cast  iron,  from  pattern  C, 
the  Babbitt  afterward  being  melted  and  poured  about  the 
mandrel  previously  spoken  of,  this  mandrel  being  held  in 
position  inside  of  the  casting  while  the  bearing  is  being 
babbitted. 
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PI4ATE    1007,    TITLE: 
COMMUl'ATOR 

89.  This    Plate    shows    the   detail    drawings    and   the 
assembly  drawing  of  an  electric  railway-motor  ciimmutator. 

It  is  composed  o(  a 
shell,  part  I,  a 
clamjiing  ring, 
pan  a,  these  two 
parts  being  drawn 
together  by  eight 
bolts,  tiiereby  clamp- 
ing the  100  commu- 
tator bars  shown  by 
tlie  part  3.  The 
latter  are  separated 
fnini  each  other  by 
mica  insulation 
sheets. 03"  thick  and 
are  also  insulated 
both  from  the  shell 
arid  the  clamping 
ring  by  mica  rings 
■^"  thick.  An  idea  of  the  general  appearance  of  the  co)^H 
mutator  may  be  had  from  Fig.  34.  ^H 

90.  The  commutator  shell,  part  1,  is  to  be  shown  in  the 
f  right-hand  upper  corner  of  the  Plate  by  means  of  an  end 

view  and  a  sectional  elevation.  Eight  holes  for  the  clamp- 
ing bolts  are  symmetrically  arranged  in  the  manner 
shown  and  are  to  be  countersunk.  The  shell  is  made  of 
steel,  cast  from  pattern  1007-A.  A  keyway  is  cut  in  one 
end  of  the  shell,  extending  into  it  for  a  distance  of  %^", 
being  I"  deep  and   \"    wide.      In   the  sectional   elevation 

no   outlines  of  hidden   parts   are   shown,    except   such   sb 

may  serve  to  make  the   drawing   clearer.     This  is  alwd 
desirable  when  lines  unnecessarily  complicate  the  draiq 
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without   adding  any  information  of  Taluc  regarding  tho 


construction  'A  : 


MECHANICAL    DRAWING 

inished  all  over,  as   indicated   by   the   note   between   the  " 
*ro  views. 

01.    Begin  by  drawing  a  horizontal  center  line  SJ"  below 

;  upper  border  line,  extending  across  the  whole  width  of 
lihe  Plate.     Draw  the  vertical  center  line  of  the  end  view  SJ" 
'  from  the  right-hand  border  line  and  with  the  intersection  o, 
Fig.  35,  of  these  lines  as  a  center  draw  the  various  circles 
outlining  the  bore  and  the  receding  surfaces  of  the  shell, 
with  the  diameters  given  in  the  sectional  view  of  the  draw- 
ing.    The  scale  to  be  used  is  6"  =  1  ft.     With  a  radius  of 
6J"  -i-  2  =  3^",  draw  a  circle,  around  which  the  centers  of 
,  the  eight  holes  for  the  clamping  bolts  are  to  be  symmetri- 
ally  located  and  which  are  spaced  equally  distant  apart, 

■  as  indicated,     The  position  of  the  center  line  ok  for  the 
'-key way  is  obtained  by  drawing  two  circular  arcs  with  a 

radius  greater  than  half  the  distance  between  two  adjoining* 
holes  and  connecting  the  point  of  intersection  i  with  the 

■  center  o.     It    will   be   noticed    that   each    full-line    circle 

■  representing  a  bolt  hole  is  concentric  with  two  dotted  cir- 
udes,  which  represent  the  outlines  of  the  countersunk  part9 

fof  the  holes. 

98.     Next  proceed  to  draw  the  sectional  elevation  of  the 

ihell  by  drawing  a  vertical  line,  representing  its  right-hand 
Fend,  4"  to  the  left  of  the  end  view.     Draw  another  vertical 
lline  ^"  to  the  left  of  the  first,  thus  obtaining  two  lines  that 
rUniit   the   length   of   the   shell.     Parallel   with   these  lines 
draw  others  that  pass  through  the  various  external  edges  of 
the  shell.      By  projecting  horizontal  tangents  from  the  top 
and  bottom  points  of  the  circles  in  the  end  view  which  repre- 
sent similar  edges,  and  letting  them  intersect  corresponding 
verticals  in  the  sectional  elevation,  the  exact  locations  of  the 

edges  are  determined.     Proceed  to  outline  the  internal  sur- 

faces  of  the  shel!,  the  bore,  and  the  keyway  in  a  s 
manner. 

It  will  be  noticed  that  on  this  Plate  several  dimai 
tre  given  to  thousandths  of  an  inch.     Most  of  thi 
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dimensions  refer  to  the  clamping  surfaces  of  the  shell, 
clamping  ring,  and  commutator  bars.  These  parts  are 
turned  to  fit  gauges  prepared  by  the  toolmaker,  who  lays 
out  the  gauges  and  makes  them  suit  the  dimensions  given. 
The  purpose  of  giving  these  dimensions  so  exactly  is  to  call 
attention  to  the  fact  that  great  accuracy  is  required  and 
that  measurements  at  these  places  are  to  be  determined 
either  by  gauges  or  with  micrometers.  This  practice  of 
giving  accurate  dimensions  in  decimals  and  approximate 
dimensions  of  a  machine  part  in  halves,  quarters,  eighths, 
sixteenths,  etc.,  of  an  inch,  is  now  largely  adopted  in  the 
better  class  of  drafting  rooms,  the  purpose  of  its  adoption 
being  to  show  the  workman  at  a  glance  which  parts  of  a 
machine  part  require  to  be  very  accurate  and  which  do  not, 
thus  tending  to  prevent  the  waste  of  time  incidental  to 
needless  accuracy. 

In  regard  to  laying  off  on  the  drawing  dimensions  given 
in  decimals,  lay  off  to  the  nearest  64th  inch,  actual  meas- 
urement. This  is  ascertained  in  the  following  manner: 
Consider  the  dimension  9.416"  in  the  sectional  elevation  of 
part  1.  As  the  scale  used  for  drawing  this  is  6"  =  1  ft.,  or 
one-half  size,  the  actual  distance  to  be  laid  off  usin^  a  full- 
size  scale  is  9.416"  -^  2  =  4.708"  =  4"  +  .708".     But  .708" 

expressed  in   64ths  is   .708"  X  \\  =  ^^^     =  U"  to  the 

nearest  64th  inch.  Hence,  the  actual  distance,  measured 
with  a  full-size  scale,  is  4||".  Again,  part  3  is  drawn  full 
size;  hence,  the  dimension  1.594"  expressed  to  the  nearest 

64th    inch    is    1||",    since   .594"  =  .594"  X  ?1   ^  i?:illi^ ' 

=  l^"  to  the  nearest  64th  inch. 

To  find  the  nearest  64th  inch  corresponding  in  value  to  a 
dimension  given  in  thousandths  of  an  inch  consult  Table  V, 
found  at  the  end  of  this  paper  under  Useful  Tables. 

94.  Among  the  parts  demanding  great  accuracy  is  the 
clamping  surface  indicated  by  the  lines  r /i  and  r'//',  Fig.  35. 
The   correct    position    and    inclination    of    this   surface   is 
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determined  in  the  following  manner:  Draw  a  vertical  line 
at  a  distance  of  3.692"  from  the  left-hand  end  of  the  shell 
and  intersect  this  line  with  two  horizontal  lines  9.710"apar^ 
and  equidistant  from  the  horizontal  center  line,  theTehy 
locating  the  two  points  i,  i.  From  these  points  drainr 
lines  r  k  and  r'  k'  at  angles  of  30°  with  the  axis  of  the  shell 
or  with  a  line  parallel  to  the  axis,  such  as  the  line  kl.  Now 
draw  a  vertical  line  dd'  d-^"  from  the  left-hand  edge  of  the 
shell  and  find  by  trial  a  radius  and  center  such  that  an  ar(r 
can  be  described  tangent  to  dd\  Ar,  and  ij.  Also,  draw  a* 
line  parallel  to  and  |"  to  the  left  of  dd'  and  with  a  radius  of 
1^"  find  a  center  from  which  an  arc  may  be  described  tan- 
gent to  this  line  and  tangent  also  to  //  r  and  /k.  So  proceed 
with  the  upper  half. 

95.  As  the  countersunk  parts  of  the  holes  intersect  the 
inside  of  the  shell  where  it  is  cone  shaped,  the  outlines  of 
the  holes  will  appear  elliptical  instead  of  circular,  as  indi- 
cated by  the  curves  a,  by  and  c. 

The  outlines  of  the  apertures  a,  b,  and  c  have  been  care- 
fully defined  by  a  number  of  points  found  by  the  principles 
of  projection.  It  is  not  necessary  for  the  student  to  repeat 
this  construction;  he  may  limit  himself  to  a  few  points  only 
and  by  means  of  these  draw  the  curves,  aj)proximately,  free- 
hand. The  method  of  layinjr  out  the  curve  for  the  aper- 
ture a  is  identical  with  that  for  b  and  c.  Connect  the 
points  i\  andy*,  by  a  slraip^ht  line;  the  extreme  points  of  the 
curves  will  be  situated  on  this  line.  Likewise  connect 
points  t\  andy',,  on  which  line,  points  limiting  the  width  of 
tile  various  curves  are  to  be  located.  Tiie  line  c^f^  is  the 
end  view  of  the  circle  ;//  ;//,.  From  the  [loiiits  a^  a^,  where 
this  circle  intersects  the  larv^tist  of  the  cirtrles  representing 
the  hole  cr,  draw  [)erj)en(liculars  lo  the  line  i\f^.  The 
points  of  intersection  a^,  (f^  are  two  i.)oinls  on  the  curve, 
limiting  its  extreme  width,  'i'o  find  the  j)oint  a^  at  the 
extreme  end  of  the  curve,  ])roduce  the  line  i\  e^  until  it 
intersects  the  horizontal  center  line  of  the  two  views  at  ;/. 
Project  the  center  t\.  in  the  end  view,  on  the  line  i\f^;  the 
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points  of  intersection  a^  will  be  the  center  of  the  curve. 
Draw  a  line  through  n  and  a^,  intersecting  line  e^f^  at  a^; 
this  point  is  the  extreme  end  of  the  curve.  Assuming  that 
the  corner  at  point/  is  a  sharp  corner,  project  this  point  to 
the  vertical  center  line  of  the  end  view,  and  through  the 
point  thus  found  draw  the  circular  arc  /,  /,  with  ^  as  a 
center.  This  is  part  of  the  end  view  of  a  circle  represented 
by  the  line  /  q.  From  the  points  where  this  arc  intersects 
the  circle  «, «„  draw  perpendiculars  to  the  line /^;  the 
points  of  intersection  a^  and  a^  will  then  locate  the  inner 
ends  of  the  curve.  Connect  the  points  a^^  a^^  a^^  a^^  and  a^ 
by  a  curved  line,,  drawn  freehand;  the  result  is  the  outline 
of  the  aperture  a. 

The  location  of  the  curv^  representing  aperture  d  is 
somewhat  easier  to  find.  From  the  points  of  intersection  6^ 
and  b^  between  the  circle  ;//  vl^  and  the  circle  indicating 
the  hole  d  in  the  end  view,  draw  perpendiculars  to  the 
line  ^,/„  thereby  locating  the  points  ^„  b^.  The  point  of 
intersection  between  the  line  e^/^  and  the  horizontal  center 
line  of  the  views  gives  point  b^.  To  locate  the  points  b^,  b^, 
draw  perpendiculars,  intersecting  the  line  /></  from  the  points 
of  intersection  between  the  arc  /,  /„  and  the  circle  b^  b^. 

It  should  be  noted  that  while  the  lines  ^', />  and /^^ // are 
here  represented  as  straight  lines,  they  should  in  reality  be 
flat  curves  with  their  convex  sides  toward  the  horizontal 
center  line  of  the  view,  because  the  elliptical  curve,  here 
shown  in  side  view,  is  not  located  in  a  plane,  but  on  a  conical 
surface. 

Attention  is  also  called  to  the  fact  that  while  in  this  case 
the  left-hand  part  of  the  end  view  has  been  used  f(^r  projec- 
tion, it  is  really  the  right-hand  half  that  is  represented  in 
the  sectional  elevation.  The  left-hand  half  was  used  to 
avoid  drawing  projection  lines  across  the  whole  of  the  end 
view. 

Outlines  of  holes,  as  the  above,  or  curves  indicating  the 
junction  between  intersecting^  parts,  are  generally  drawn 
in  the  manner  just  described,  partly  to  save  time  and  also 
because  such  curves  are  bound  to  appear  with  the  proper 
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outlines  and  in  the  correct  positions  on  the  finished  part, 
as  a  result  of  the  process  of  manufacture,  irrespective  of 
how  they  are  indicated  on  the  drawings.  But  there  are 
occasions  when  the  draftsman  desires  to  project  such  curves 
in  their  true  form,  and  he  should  therefore  be  prepared  to 
do  this  with  ease  and  accuracy. 

96.  The  clamping  ring,  part  S,  is  also  made  of  steel, 
cast  from  pattern  1007-B,  and  slips  over  the  shell  at  d,  as 
shown  in  Pig.  38.  It  is  shown  in  a  sectional  elevation  and 
an  end  view,  and  the  horizontal  center  line,  common  for 
both,  should   be  "i^"  above  the  lower  border  line.     First 


■alinij  its  vertical  renter  line  '>,-',"  from 

inc.     h  is  inaiicd  Uiai  the  drck-s  in 

liny  tlic  liiiles,  arc  surrounded  by  circles  in 

ttcr  indicate  ihc  diameter  at  the  bot- 

thc  Imlc,  lure  ['■;/',  nr  what  is  the  same 

.f  ilie  bolls  ai  the  tcjp  of  the  thread. 

■li.-s  indicate  tlic  u<\\  ..f  thread  in  the  hole 

iif   the   drilled  hule,    which   is   .464",    or 
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^bout  ff ".  A  space  of  1  ^"  (full  size)  should  be  left  between 
the  end  view  and  the  sectional  view  of  the  clamping  ring. 
In  the  latter  view  the  tapped  holes,  shown  in  cross-section, 
!5houId  in  reality  have  12  threads  per  inch,  but  owing  to  the 
^mall  scale  to  which  they  are  drawn,  it  is  difficult  to  repre- 
nt  the  full  number,  and  they  were  therefore  drawn  as 
shown.  The  method  of  laying  out  the  surface^//.  Fig.  36, 
ith  an  inclination  of  30°  to  the  horizontal  center  line,  is 
imilar  to  the  one  described  with  reference  to  Fig.  35. 


97.     The  commutator  bar,  part  3,  is  shown  in  an  cleva- 
.ion,  an  end  view,  and  in  a  sectional  view  taken  on  line  >t/, 
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Fig.  37;  it  is  drawn  full  size.     Thesfr  r  ommutc'itor  li;ii-.  ;ir# 
made  in  long  strips  and  arc   sawcrl  <,ff  v,  \,i',\,' \    l<ri;';i)i 
After  being  assembled  mica  strip:,  af:  [/la'*-.'!  I/'»//'m,   Hk 
bars,  and  then  the  ends  of  th*;  as-'.-ifihl'-'l  \j:ii  .  ;im    Iumi''!  l, 
fit   the   clamping    ring   and    <u*:\\.     'W,-.    iij;.j',m1/    -a     ili« 
dimensions  are  very  important  ar.'l  .-r*-.  \\.*  f  \'.\*    n,<;i.  ■■''( 
by    inches  and    decimals.     Lo^ar*;    v;.'.    ',',1!'.;:.     ..r    !-«  «. 
line  pg  of   the  commutator  har  :;■  '    0    .;    .;/•  ^   ..',',  .     ii.. 
lower   border   line   and    draw    ♦:,«:    ■.•••'.:.    •'■..'•\    !;,..     // 
Of'j"  from  the  right-haii'l  \,*,r'>;r 
lines   of   the   end   vi':\v    ar.'i    -'    v 
respectively,  from  ih':  r-;.':.'.  :..i:  '. 
mutator  bar  is  provid'rd  \\  :*.':.  *: 
tool  maker  for  makin,/ 
turning  it  to  siz*:: 
required  for   draw::.^'   ;•.  ;..  .  .\    ,- 
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The  height  of  the  bar  along  the  line  k  /,  Fig.  37,  is  given  in 
the  sectional  view  as  l\i'\  but  the  length  of  the  side  ///  m' 
and  the  distance  of  the  point  ;;/  above  the  Ww^pg  must  be 
found  by  calculation.  The  point  ;//'  is  located  on  a  circle 
the  diameter  of  which  is  9.980";  as/^'-  is  tangent  to  a  circle 
of    8.375"    diameter,    the    distance   of    ;;/'    above  pg  is: 

9.980'^      8.375"  =  .8025".     The  length  of  the  side  mtn'  is 

found  in  the  same  manner  and  is :    '^'     ^ — '-^       =  1 .  0725". 

2 

With  the  exception  of  the  side  ;// ;//'  and  the  recesses  a  and 
^,  the  two  parts  of  the  bar,  as  divided  by  the  center  line  /r/, 
are  alike.  The  point  o  is  located  on  the  line//',  drawn  at 
an  angle  of  30°  topg^  and  its  distance  above /^(f  is  found  by 
means  of  the  diameters  given  on  the  Plate.  Other  points, 
such  as  /',  are  found  by  means  of  intersecting  lines,  the 
location  of  which  are  determined  either  by  a  diameter  or  a 
distance  from  one  of  the  boundary  lines.  The  dotted  bot- 
tom line  of  the  recess  in  the  side  ;// ;//'  is  drawn  with  a 
radius  of  1//'  from  a  center  located  on  ;//;//',  the  lower 
edge  of  the  recess  being  \\"  below  the  j)oint  ;;/. 

98.  Part  4  is  one  of  the  copptrr  washers  that  fit  under 
the  heads  of  the  chinipiiiij:  bolts,  thcrrhy  makinjj^  the  com- 
mutator oil-tii^ht  and  i)rcvt:ntinj^  oil  j^^rtLin^  from  the  bear- 
ing back  of  tht*  coiniiuitator  into  tlu"  arniainre.  'i'he  washer 
is  shown  ill  a  [)lan  view  and  a  st-ctional  elevation.  The 
vertical  center  line,  <'oniinon  for  both,  should  be  r)j'y  from 
the  rii^dit-lKUul  bonier  line  and  llu^  eeiiter  of  the  plan  view 
should  be  laid  olf  on  this  line  1  J!"  above  the  lower  border 
line.      A  sj)aee  of    ,',."  sh(»ul(l  be  left  betwt-en  tlu'  two  views. 

'J'he  consLruetioii  of  jiarts  4  and  5  is  not  explained  by 
means  of  any  text  illustrations,  as  the  student  should  i)e 
able  to  eoniplele  tiie  drawini^s  of  both  witliout  any  supple- 
mentary instruetions. 

i)I).  Part  5  is  one  of  thr  claini)!?!;^  boh^,  the  heads  of 
whi<  li  til  inli)  the  lioh  s  ii,  Ik  (\  t\  / '\n  the  .shell,  as  shown  in 
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Fig.  35.  These  bolts  screw  into  the  clamping  rinjic,  and  the 
remarks  made  about  the  threaded  holes,  as  to  threads  per 
inch,  apply  also  to  the  bolts.  The  center  line  should  be 
m"  from  the  right-hand  border  line  and  the  under  side  of 
the  head  should  be  2f"  above  the  lower  border  line. 


loo.     Theassembly  drawing  is  to  be  located  in  the  upper 
left-hand  corner  of  the  plate,  on  the  same  center  tine  as  the 


shell,  with  a  space  of  I"  bctwi^iMi  its  Icft-hnnd  hoiindary 
line  and  the  left-hand  l.ordcr  litie.  Tli.-  ii].].rr  half  "(  ibis 
assembly  drawing  is  shuwn  in  crnss-sii-li^.n.  llrfiiri  by 
drawing  the  shtdl  in  tb(.>  iippcr  b:ilf.  [in^jntinjj;  tlic  v;iri'>us 
diameters  owr  frnm  the  udjoininj;  snlii.iKd  di'vatinn ;  then 
draw  the  clanij^n);  riny  and  thr  claiiijMnj;  b^'li.  Tbe  rela- 
tive positions  <>i  llu:s<.>  p;irts  jir.-  cloarly  indicritrd  by  the 
dimensions  given  in  tlio  asst;ndily  drawinj;.      In  Fi;r.  ;)S  the 
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various  mica  rings,  required  for  insulating  the  commutator 
bars  from  the  shell  and  clamping  ring,  are  indicated  by- 
letters  r,  r',  s,  s',  t,  and  ii.  Each  of  these  rings  has  a 
thickness  of  .003";  this  dimension  has  been  slightly  exa^-J 
gerated  on  the  drawing,  which  is  permissible  on  workii 
drawings.  Those  parts  of  the  two  mica  rings  r,  r'  tha( 
extend  beyond  the  ends  of  the  commutator  bars  aresecui 
fastened  in  place  by  twine,  well  shellaced. 

The  lower  half  of  this  view,  in  which  the  vertical  outline 
may  be  obtained  by  projection  from  the  upper  half,  may  ni 
be  drawn.     But  few  commutator   bars  are  shown  in   thi 
assembly  drawing,  as  it  is  not  customary  to  spend  the  tii 
required  to  indicate  the  position  of  all  the  bars.     To  properl; 
space  the  latter  draw  the  semicircle  a  be.  Fig.  38,  with 
diameter  of  I'l",  that  being  the  diarneter  of  the  commutat< 
at  the  middle  of  the  commutator  bars.     Divide  the  quarter 
circle  be  in  5  equal  parts,  and  the  part  next  to  b  again  in 
5  parts..    At  either  side  of  these  division  lines,  lay  off  one- 
half  of  the  insulation-thickness  which  leaves  in  each  divisi< 
a  space  equal  to  one  bar.     At  the  middle  of  this  space  mai 
off  the   width  of   the  recess;  viz.,  .103".     Lines  projectt 
across  from  the  first  ItJ  divisions  will  locate  the  first  three 
bars  in  the  assembly  drawing.     The  projection  of  the  arcs  f 
are  flat  curves  near  the   center  line,  gradually  increasing 
in  curvature  as  the  segments  get   farther  away,  as   im 
cated. 

In  cases  where  it  is  desirable  to  lay  off  all  the  bars 
every  part   of    the   same  correctly,    the   following  method 
may  be  pursued  :     Draw  the  semicircle  abc  m  before,  but 
add  the  two  quarter  circles,  shown  in   Fig.  38,  the  outside 
one  having  a  radius  equal  to  the  distance  of  the  point 
from  the  commutator  center,   and  the   inside  one  with 
radius  equal  to  the  distance  between   the  bottom   of   t 
recess  t\  near  the  ear_/"and  the  commutator  center.     Divide 
the  quarter  circle  ^^^  as  before,  but  continue  the  subdividing 
down  to  point  c  and  make  the  dividing  lines  long  enough  to 
intersect  all  three  arcs.     In  Fig,  38  this  has  been  done 
in  the  upper   fifth  of  the  arc.     Projecting  lines  are 
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drawn,  as  before,  those  from  the  inner  arc  indicating  the 
lowest  points  in  the  groove.  Through  these  points  and  the 
adjoining  edges  draw 
circular  arcs,  the 
radii  of  which  may 
be  found  by  trial. 
The  pencil  draw- 
'  ing  is  now  complete 

and     the     Piate     is 
ready  to  trace. 


PliATE  X008, 
TITLE : 
8TEEL  GIRDERS 
101.  The  meth- 
ods and  conventions 
"  employed  in  making 
£  mechanical  drawings 
are  not  all  universally 
used  in  the  various 
branches  of  tngineer- 
ing,  as,  for  instance, 
in  structural  engi- 
neering, which  con- 
cerns itself  mainly 
witli  the  construction 
of  columns,  girders, 
braces,  etc.  used  in 
the  construction  of 
^.  bridges,  modern  office 
buildings,  etc.  As  an 
example  of  structural 
Construction,  the  sjiop 
or  working  drawing  of  several  special,  built-up  steel  girders 
has  been  selected,  hy  means  of  wJiich  the  methods  employed 
in  the  execution  of  ihis  elass  wf  drawings  will  be  shown. 
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Before  proceeding  with  the  drawing  the  student  should 
familiarize  himself  with  the  names  and  purposes  of  the  sev- 
eral parts,  as  given  in  the  following  description, 

102.  Referring  to  Fig.  39,  a  perspective  view  of  a 
girder,  the  angles  marked  a,  n  are  the  flange  an«;Ies, 
the  upper  pair  forming  the  top  chords  and  the  lower  the 
tiottoni  chords  of  the  girder.  Connecting  these  chords  is 
the  web-plate  h,  while  the  vertical  angles  c,  <i,  and  t  are 
known  as  stUTeners.  The  latter  are  required  at  the  ends  of 
the  girder  at  c  and  e  for  the  purpose  of  strengthening  the 
web  at  the  points  where  the  girder  is  supported.  At  d 
stiffeners  are  also  placed  to  reenforce  the  web,  because  at 
this  point  the  upper  chord  of  the  girder  is  supporting  the 
concentrated  load  presented  byacolumn.  At/,/areshown 
packing  pieces,  commonly  called  flilers,  from  the  fact  that 
they  are  used  to  fill  a  space  otherwise  open,  which  is  unde- 
sirable where  a  compactly  built-up  part  is  required.  These 
fillers  are  used  wherever  it  is  necessary  to  rivet  through  a 
space  that  would  otherwise  be  vacant.  Reenforclng  plates, 
such  as^,  are  frequently  used  to  further  stiffen  the  web  of 
a  plate  girder,  at  the  places  adjacent  to  the  points  of  sm 
port  and  beneath  concentrated  loads.  The  end  J  of  I 
girder  is  to  be  secured  to  a  structural  steel  column,  and  f 
this  purpose  the  angle-iron  clips  li,  k  and  the  holes  j 
through  the  lower  flange  angles  are  provided. 

The  structural  girder  under  consideration  is  peculi&r  \ 
that  its  depth  is  very  small  in  comparison  with  its  span,  : 
consequence  of  which  the  girder  is  heavy  for  the  load  it  is 
required  to  support.     The  necessity  for  keeping  the  girder 
shallow  is  that  it  may  not  diminish  the  headroom  or  heigi 
of  the  room  beneath. 
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103.  All  the  little  circles  shown  on  the  chord  and  stif- 
feners {see  Plate  1008)  represent  rivets.  Attention  is  called 
to  the  fact  that  some  of  these  are  shown  black.  Whenever 
a  blackened  circle  is  shown  it  indicates  a  hole  and  not  j 
rivet  and  that  the  rivets  belonging  to  these  holes  are  to  J 
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driven  during  erection;  they  are  therefore  known  as  field 
rivets.  All  other  rivets  are  to  be  driven  in  the  shop. 
When  shown  in  elevation  these  holes  are  indicated  by  a 
blackened  rectangle.  Holes  for  fiefd  rivets  are  shown  in 
the  upper  chord,  Fig.  39,  over  the  stiffener  d  and  in  the 
lower  chord  to  the  left  of  c  and  d\  also  in  the  clips  h. 
Wherever  the  field-rivet  holes  are  hidden  behind  some 
other  parts  the  holes  are  not  blackened.  For  instance,  in 
the  main  elevation  of  the  girder,  Fig.  40  (b),  four  rivet 
holes  are  shown  above  the  stiffener  d.  Of  these  the  two 
central  ones  are  partly  hidden  by  the  angles  of  the  post 
resting  at  this  place;'one-fourth  of  each  hole  is  therefore 
not  blackened.  As  these  four  holes  are  not  shown  in  sec- 
tion they  should  in  reality  be  indicated  by  dotted  lines;  but 
in  order  to  make  the  field  rivets  more  conspicuous  to  the 
workmen  the  ordinary  rules  are  departed  from  and  the  con- 
ventional  method  here  shown  is  adopted,  to  indicate  sJin 
ply  \.\iR  position  of  the  rivets. 

104.     The  Plate  represents  the  working  drawings  of  fourJ 

separate  girders,  the  shortest  being  15  ft.  2"  and  the  longest  | 
17  ft.  3i"  in  length.     It  would  evidently  be  impossible  tQ  \ 
show  each  of  these  girders  complete  and  at  the  same  time  ] 
to  a  scale  large  enough  to  make  a  readable  drawing,  without  J 
requiring  an  unnecessarily  large  sheet.     To  obviate  this  th^ 
girders  have  been  divided  into  several  sections  and  some  parti 
broken  away,  as  being  simply  duplicates  of  the  part  remaioi 
ing.     In  this  manner  one  drawing  may  be  made  torepreseuj 
four  different  girders.     The  method  of  indicating  the  placa 
where  breaks  occur  differs  from  that  heretofore  describet 
It  is  here  indicated  by  drawing  a  line  consisting  of  a  lonf 
dash   and    a   dot   along   the  adjoining  parts  of  the  break.  | 
Adjoining  sections  need  not  necessarily  be  arranged  in  one  I 
row,  hut    may  be   placed   in   several  rows,  in  this  i 
making  the  drawing  still  more  condensed.     On  this  Ptatfl 
the   first  section  is  placed  by  itself  and  the  line  of  breal 
marked  with  the  line  X M.     The  remaining  three  sectiot 
are  placed  in  a  row  below,  in  which  the  first  section  also  hai 
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a  line  XX  indicating  that  this  end  is  to  he  considered  as 
contiguous  to  the  one  similarly  marked.  The  parts 
removed  by  the  two  bjeaks  in  the  lower  row  contain  a  num- 
ber of  rivet  holes,  which  are  spaced  similarly  to  those  in  the 
remaining  parts;  it  would  therefore  be  superfluous  to  show 
them.     The  scale  to  be  used  is  IJ"  =   1  ft. 

105.  The  distance  between  the  centers  of  two  rivets  is 
called  their  pitch,  commonly  designated  on  the  drawing  by 
the  word  space.  The  space  need  not  necessarily  refer  to 
the  spaces  between  rivets  in  one  row,  but  may  also  refer  to 
spaces  between  alternate  rivets  in  two  parallel  rows.  For 
instance  in  the  upper  elevation,  near  the  middle,  are  shown 
several  spaces  marked  ij",  meaning  the  spaces  between  two 
alternate  rivets  in  separate  rows.  In  the  lower  elevation, 
beginning  at  the  left,  is  found  the  note  "31  alt.  spaces 
@  3-i"  =  6'-9J"  ";  this  means  that  the  drawing  should  show 
thirty-two  rivets  alternating  in  two  rows  and  spaced  SJ-" 
apart.  The  rivets  in  each  row  have  a  pitch  of  4i".  The 
saving  in  length  by  this  method  is  evinced  by  the  fact  that 
the  drawing  shows  only  nineteen  spaces  of  the  thirty-one 
required.  It  is  customary  to  indicate  not  alone  the  space 
between  the  rivets  and  the  total  number  in  each  series,  but 
also  the  total  distance  between  centers  of  the  first  and  last 
rivet  in  one  series,  the  note  "5'-SiJ""  in  above  note  refer- 
ring to  this  distance.  Each  series  is  made  up  of  as  many 
rivets  as  possible  without  inchidingrivetsof  a  different  pitch. 
As  soon  as  a  change  takes  place  in  the  pitch  a  new  series  is 
arranged,  as  found,  fur  instance,  to  the  right  of  the  note 
just  referred  to,  where  the  following  note  is  found ;  "  17  alt. 
spaces  @  IJ"  =  3'-lJ","  meaning  that  the  spacing  has 
been  reduced  from  2J"  to  IJ", 


106.  In  the  drawing,  the  fo^ir  girders  are  designated  by 
the  marks  El,  ES,  F I,  and  F^,  but  these  marks  are  only 
to  be  found  under  the  lower  three  sections,  at  which  place  all 
changes  have  been  made  both  as  to  spacing  of  rivets  and 
difference  in  length  of  girders.     The  left-hand  parts  of  all 
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i  four  girdtrs,  Fig.  40  {i>),  are  alike  and  no  distinction  need 
I  therefore  be  made  between  them  at  this  point.  The 
"  marks  £  J,  ES,  F 1,  and  F2  are  shop  marks  and  are  usually 
painted  on  the  work  in  white  lead  before  they  leave  the  mill. 
To  them  the  erector  refers  in  placing  the  work  in  position, 
as  the  marks  correspond  with  similar  marks  on  an  assembly 
drawing  used  in  erecting  the  work  in  the  field.  ^| 

107.  The  dimensions  of  the  various  angles  used  in  coo^ 
Btructing  the  girder  are  not  given  in  detail,  they  being 
unnecessary  on  a  working  drawing.  All  that  is  required  is 
to  give  the  size  of  the  angles.  The  note  on  top  of  the  left- 
hand  part  of  the  girder,  "  3  Ls  6"  X  3i"  X  I" — 0'-9"  long," 
means  that  the  part  indicated  is  made  up  of  two  angles, 
or  Ls,  having  legs  6"  and  3J"  long,  respectively,  each  of 
which  is  I"  thick.  These  angles  come  in  lengths  of  about 
15  to  30  feet  and  can  afterwards  be  cut  in  smaller  lengths, 
to  one  of  which  the  length  "  0-9"  "  refers. 

The  fillers  are  also  cut  from  long  bars  varying  in  width 
and  thickness  according  to  the  space  to  be  filled.  For 
instance,  the  note  "  ^"  X  |"  PI  I'-O"  "  at  the  head  of  the 
girder  means  that  the  filler  plate  is  to  be  cut  from  a  bar 
3J"  wide  by  f  thick,  and  to  a  length  of  1  ft.  6". 

It  will  be  noted  tliat  the  manner  of  indicating  dimensions 
given  in  feet  and  inches  on  this  Plate  differs  from  that  used 
on  the  other  Plates  described  in  this  paper.  Thus,  instead 
of  expressing  5  feet  fij  inches  as  5  ft,  OJ",  it  is  here  expressed 
5'-CJ",  in  conformity  with  the  working  drawing  from 
which  the  Plate  was  made.  The  former  method  is  to  be 
preferred  (see  Art.  80),  but  if  the  latter  is  used,  never 
omit  the  short  dash  between  the  feet  and  inches. 

In  order  to  aid  the  student  in  drawing  the  angles  in  the 
chords,  the  dimensions  of  which  are  not  fuliy  given  on  the 
Plate,  a  sectional  view  of  one,  fully  dimensioned,  is  given  in 
Fig.  41.  The  radii  of  the  fillet  and  corners  are  more  or  less 
arbitrary,  the  various  rolling  mills  having  their  own  standards. 

The  rivets  used  in  this  girder  have  J"  and  \"  shanks 
with  heads  \\"  and  l^^"  in  diameter  and  fg"  and  ^"  high. 
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respectively.     The  holes  for  the  rivets  are  generally  punched 

^"  larger  than  the  shank,  the  size  of  a  rivet  being  indicated 

by  the  diameter  of  the  shank  before  the  rivet  is  driven.     All 

j"   rivets    require     holes    \^'    in 

diameter.    The  rivets  when  driv-   ^  ■      ■       s' 

en  fill  these  holes;  consequently   \^ 

the    drix'en    size    of     a     rivet  ^ 

=  nominal  size-f-yg".     At   the 

places  where  field  rivets  are  to 

be  driven,  the  notes  "  \\"  holes" 

are  to  be  found,  indicating  that 

\'  rivets  are  to  be  used. 

108.      To    draw     the    Plate,  ^__ 

begin  by  drawing   the  sectional  ^'°-  ^' 

elevation  of  the  girder.  Fig.  40  (a).  This  section  is  taken 
along  the  line  A  B,  Fig.  40  {b),  and  shown  as  it  would 
appear  when  looking  along  the  girder  from  the  right-hand 
end.  Locate  the  center  line  vi n  l\\"  from  the  right-hand 
border  line,  and  the  top  line  op  3J"  below  the  upper  border 
line.  Lay  off  one-half  the  thickness  of  the  web-plate  b  to 
either  side  of  center  line  and  draw  the  four  angles  (?,,  a^,  a,, 
and  fl„  according  to  the  dimensions  given  in  Fig.  41. 

Between  the  upper  and  lower  angles  insert  the  two 
fillers  y,  y';  then  add  the  reenforcing  plates  g,  g',  and, 
finally,  the  clips  c,  c' .  It  should  be  noted  that  the  reenforcing 
plates  extend  only  to  where  the  curve  of  the  fillets  on  the  chord 
angles  begin,  while  the  stiffeners  have  to  extend  clear  to  the 
angles  of  the  top  and  bottom  chords,  and  for  this  reason  have 
their  inner  corners  cliipped  off.  Draw  the  center  lines  of  the 
rivet  holes,  and  indicate  their  location  by  blackened  rectangles 
or  circles  {see  Plate)  where  field  rivets  are  to  be  indicated. 
^  Where  the  rivet  heads  are  shown  in  side  view  indicate  them 
by  means  of  semicircles  with  diameters,  as  given  above. 
On  structural  drawings  it  is  not  customary  to  indicate  cross- 
sections  by  section  lines;  they  are  usually  left  blank  or 
filled  in  entirely,  either  with  ink  or  some  dark  color.  If 
thus  filled  in,  the  spaces  indicating  field  rivets  are  left  white. 
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The  note  "Finished  Third-Floor  Line,"  found  over  thtT 
sectional  elevation,  means  that  the  floor  above  the  girder, 
when  laid,  will  come  to  a  height  indicated  by  the  line  of 
dashes. 


109.  Next  draw  the  elevation  of  the  first  section  of  the 
girder,  locating  its  left  end  ^"  from  the  left-hand  border 
line.  The  limiting  lines  of  the  top  and  bottom  angles  may 
be  projected  from  the  section  just  drawn,  likewise  the  lines 
limiting  the  width  of  fillers  and  reenforcing  plates.  Next 
locate  the  center  lines  (t?- and  j?  of  the  stiffeners  d  a.od  i'. 
Fig.  40  (i),  and  Lay  off  their  total  width;  also  the  sides  of 
the  legs  fl^„  ef„  c,,  and  r_,  which  project  outwards  at  right 
angles  to  the  plane  of  t!ie  paper.  Lay  off  the  clips  c,  one 
leg  of  which  is  ceen  to  project  a  distance  of  {"  beyond  the 
end  of  the  girder.  By  referring  to  the  sectional  elevation, 
it  will  be  noticed  that  the  top  of  the  clips  is  1"  below  the 
upper  side  of  the  chord.  Draw  the  reenforcing  plate  ^extend- 
ing from  g-,  to  ^,.  The  note  "  3  —  14^"  X  |"  —  4'-4i"  long," 
just  below  the  lower  chord,  refers  to  this  part.  Indicate  the 
fillers/,  and/,,  the  first  being  of  a  length  equal  to  the  width 
of  (/,  and  the  latter  of  a  length  equal  to  the  combined  width 
if  c  and  c.  These  fillers  are  covered  both  by  the  stiffeners 
'and  the  reenforcing  plates,  and  must  therefore  be  indicated 
by  dotted  lines,  which  are  shown  beyond  the  edges  of  the  stif- 
feners in  order  that  they  may  be  seen,  though  in  reality 
they  coincide  with  the  edges  of  the  stiffeners.  Lay  off  the 
section  line  A'^at  a  distance  of  8  ft.  6^'  from  the  left-hand 
end  of  the  girder. 

All  the  rivets  are  located  in  six  horizontal  rows  at  the 
distances  from  upper  side  of  girder  indicated  on  the  Plate. 
Draw  these  horizontal  center  lines.  Select  any  one  of  these 
lines,  as  for  instance  the  lowest,  and  lay  off  on  same  the 
distance  between  centers  of  rivets,  as  given  in  any  one  of 
the  rows  below  the  girder,  all  of  which  are  seen  to  be  alike. 
From  the  lowest  center  line,  verticals  are  drawn  by  means 
of  the  T  square  and  triangle  to  the  other  center  lines,  inl 
seating  them  at  the  proper  places  and  thereby  locating  S 
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centers  of  the  various  rivets.  It  is  unnecessary  in  the  pen- 
cil drawing  to  draw  the  circle  representing  the  rivets;  this 
may  be  postponed  to  the  making  of  the  tracing,  when  the 
intersections  of  the  rivet  center  lines  will  indicate  the  posi- 
tions of  the  centers  around  which  to  draw  the  little  circles. 
In  some  shops  it  is  customary  to  omit  these  circles  altogether 
and  simply   indicate  the   positions  of   the    rivets  by  their 


1 10.  The  first  of  the  two  plan  views  of  the  girder,  shown 
in  the  upper  part  of  the  Plate  and  in  Fig,  40  (f)  may  now  be 
drawn  by  first  laying  off  the  center  line  uv  \\^"  below  the 
upper  border  line.  Locate  the  left-hand  end  by  drawing  a 
vertical  line  from  the  corresponding  end  in  the  elevation  and 
locate  the  section  line  at  its  right-hand  end,  8"  from  the 
left-hand  border  line.  The  length  of  those  angle  legs  which 
stand  at  right  angles  to  the  center  line  uv  may  be  found 
by  consulting  the  notes  in  the  elevation.  The  holes  for  the 
field  rivets  will  in  this  view  appear  as  circles  which  are  to 
be  blacked  in.  The  locations  of  the  other  limiting  lines  are 
found  partly  by  projection  from  the  elevation  and  partly  by 
transferring  the  measurement  from  the  sectional  end  view, 
Fig.  40  (a). 

111.  The  other  plan  view,  see  also  Fig.  40  (d).  shows 
the  girder  in  a  sectional  view  taken  along  an  imaginary 
horizontal  center  line  in  the  elevation!  The  view  is  similar 
to  the  one  previously  drawn,  except  that  some  of  the  parts 
are  shown  in  full  instead  of  dotted  lines.  Most  of  the 
limiting  lines  are  found  by  projecting  horizontals  from  the 
other  plan  view,  the  position  of  the  remaining  limiting  lines 
being  determined  by  direct  measurement;  all  dimensions 
extending  in  a  horizontal  direction  are  found  in  this  manner. 
Those  field  rivets  in  the  lower  chord  that  are  not  visible  in 
the  other  plan  are  here  indicated,  likewise  those  in  the  end 
Btiffener. 

lis.  Next  proceed  to  draw  the  right-hand  parts,  see 
also  Fig.  40  (c),  of  the  four  girders.     Locate  the  lower  side 
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of  the  same  3|"  above  the  lower  border  line,  letting  the  left- 
hand  end  lie  in  a  line  with  the  same  end  of  the  other  eleva- 
tion. This  elevation  is  divided  in  three  sections.  Make 
the  first  section  3",  the  second  3||",  and  the  third  3||"  long, 
leaving  a  space  of  J^"  between  each  section.  In  other 
respects  this  elevation  is  drawn  in  the  same  manner  as  the 
one  immediately  above  it.  Locate  the  stiflener  h,  3"  from 
the  right-hand  end  and  add  the  filler  /',  here  shown  in  full 
lines. 


113*  The  dimensions  may  now  be  added  to  the  various 
views,  attention  being  given  to  the  method  of  arranging  the 
dimension  lines  that  indicate  the  lengths  of  the  complete 
girder  and  girder  sections.  Between  the  break  line  XX oi 
the  lower  elevation  and  its  right-hand  end  there  are  found 
three  pairs  of  dimension  lines,  the  first  of  which  refers  lo 
the  girders  marked  £iand  E'2,  the  second  to  girder  FS, 
and  the  third  pair  to  girder  F 1.  In  each  pair  the  upper 
line  refers  to  the  spacing  of  rivets  and  the  lower  to  the  total 
length  of  the  section.  Locate  the  first  dimension  line  \' 
below  the  girder,  the  second  line  -j^"  below  the  first,  and 
leave  a  space  of  /j"  between  each  of  the  remaining  lines. 
The  dimension  lines  found  under  the  other  elevation  of  the 
girder,  represented  by  Fig.  40  {b),  are  supposed  to  be  con- 
tinuations of  these  six  lines  and  should  he  located  in  the 
same  manner.  Draw  the  other  dimension  lines  and  insert 
corresponding  dimensions,  following  closely  the  method 
used  on  the  Plate  as  to  their  location  and  style  of  lettering. 
Add  the  notes  referring  to  rivets  and  holes  and  the  one 
referring  to  number  and  marks  on  girders.  Lay  oiT  the 
space  required  for  bill  of  materials  and  divide  it  into 
the  necessary  number  of  vertical  and  horizontal  spaces. 
The  abbreviations  "Fill"  and  "Stiff"  refer  to  fillers  and 
stiffeners,  respectively.  R  and  L  means  right  and  left. 
When  parts  symraetrically  placed  are  marked  in  this  man- 
ner, it  calls  attention  to  the  fact  that  they  are  not  alike  and 
that  care  should  be  exercised  in  order  to  put  them  in  thetTH 
proper  places. 
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PLATES  1009  AND  1010,  TITLE  t 
BENCII-TI8E  DETAILS 
114,  These  two  Plates,  together  with  Fig.  43,  give  the 
details  and  assembly  drawing  of  a  bench  vise.  In  actual 
practice  the  assembly  drawing,  Fig.  4H,  would  be  drawn 
first,  but  in  this  case  it  is  desirable  to  draw  the  details  first, 
as  a  clearer  understanding  will  then  be  had  of  the  parts 
constituting  the  assembly  drawing.     Plates  1009  and  1010 


may  both  be  sent  to  the  Schools  for  correction  at  one  time, 
or  separately,  as  the  student  prefers. 

A  general  idea  of  theexternal  appearance  of  the  vise  may 
be  had  from  the  half-tone  view.  Fig.  ii,  while  the  assembly 
view,  Fig.  43  {<"),  which  is  a  longitudinal  section,  will  indi- 
cate the  internal  construction.  It  consists  of  the  front  jaw  1, 
that  works  through  an  opening  in  the  back  jaw  3.  Motion 
is  imparled  to  jaw  1  by  means  of  the  screw  J7,  located  inside 
part  I,  which  is  cored  out  for  this  purpose.  The  screw 
engages  the  nut  9,  which  lies  in  a  groove  in  part  S,  where  it 
is  held  in  position  by  means  of  the  pin  12.  When  an  outward 
motion  is  given  to  the  jaw  1  by  turning  screw  17  to  the  left, 


the  jaw  is  assisted  in  its  motion  by  the  expanding  spring  13, 
while  the  screw  is  held  in  position,  relative  to  the  jaw,  by 
the  guard  I^-  Both  jaws  are  provided  with  steel  facings  11, 
secured  by  screws  IS. 

The  back  jaw  2  rests  on  the  base  5,  to  which  it  is  clamped 
by  bolt  6  in  such  a  manner  as  to  leave  it  free  to  swing 
around  the  latter.  A  sleeve  nut  7  engages  with  a  clamping 
bolt  <?,  whose  head  is  held  in  a  circular  T-shaped  groove  in 
the  base.  A  loosening  of  the  nut  by  means  of  handle  10 
allows  the  whole  vise  to  be  swung  into  any  position  desired, 
in  which  it  may  be  retained  by  tightening  the  nut  7.  The 
advantage  of  this  arrangement  is  that  it  enables  the  work- 
man to  turn  any  side  of  the  work  in  the  vise  to  the  front  \ 
without  having  to  rearrange  it  in  the  jaws.  V 

115.  Begin  by  drawing  the  front  jaw  1  on  Plate  1009, 
shown  in  four  views;  A  side  elevation,  an  end  elevation,  a 
plan,  and  a  section  taken  on  line  -4  B  of  the  side  elevation. 
Lay  oil  the  horizontal  center  line,  common  to  the  two  upper 
views,  3|"  from  the  upper  border  line,  and  the  vertical 
center  line  of  the  end  elevation  SJ"  from  the  left-hand 
border  line.  This  center  line,  if  produced,  will  also  serve 
for  the  sectional  view.  Another  horizontal  center  line, 
5f  J"  from  the  npper  border  line,  will  define  the  positions  of 
the  lower  views.  Allow  a  space  of  J"  between  the  two 
upper  views.  All  the  views  on  this  Plate  are  drawn  half 
size. 

Draw  the  end  elevation  first,  then  the  side  elevation, 
defining  some  of  the  dimensions  in  the  latter  by  projection 
from  the  first  view.  The  radii  of  the  curves  defining  the 
sides  of  the  jaw  in  the  end  view  are  not  to  be  inserted  in  the 
drawing  made  by  the  student,  as  they  are  given  simply  to 
aid  him  in  constructing  them.  Ordinarily  the  determina- 
tion of  curves  of  this  nature  is  left  to  the  judgment  of  the 
patternmaker,  unless  there  are  special  reasons  why  they 
should  be  exactly  defined.  Next  draw  ihe  plan  view,  which 
is  a  bottom  view  showing  the  groove  in  same.  Some  of  its 
dimensions  will   have  to  be  taken  from  the  side  elevation 
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and  some  from  the  sectional  view,  which  is  to  be  drawn  last. 
It  is  seen  that  the  horizontal  part  of  the  jaw  is  cored  out 
along  its  whole  length,  and  that  this  cavity  is  partly  rect- 
angular and  partly  circular  in  section.  The  full-size  view 
of  the  jaw  proper,  shown  in  the  upper  left-hand  corner  of 
the  Plate,  will  apply  to  both  jaws.  Draw  the  vertical  side 
of  the  jaw  2J"  from  the  left-hand  border  line,  and  its  upper 
r  I"  below  the  upper  border  line. 


116.  To  draw  the  rear  jaw,  part  2,  shown  in  a  side  and 
a  front  elevation,  lay  off  their  horizontal  center  lines 
3|"  from  the  lower  border  line,  and  the  vertical  center  line 
of  the  front  elevation  8|"  from  the  left-hand  border  line. 
The  extension  of  the  front  jaw  is  to  fit  the  cavity  of  the 
rear  jaw,  but  it  is  observed  that  part  1  is  made  slightly 
narrower  to  allow  it  a  freer  motion. 

It  will  be  observed  that  the  hole  in  the  center  of  the  base  is 
threaded  as  is  further  shown  by  the  note,  "Tapped  for 
}"  bolt."  On  working  drawings,  a  thread  is  rarely  shown  in 
a  hole  which  is  to  be  tapped ;  the  general  rule  is  to  draw  two 
lines  at  a  distance  apart  equal  to  the  outside  diameter  of  the 
thread,  and  to  place  a  note  on  the  drawing  stating  the  size 
of  lap  to  be  used.  It  has  been  shown  on  this  Plate,  how- 
ever, for  the  sake  of  completeness. 

117.  The  base,  part  S,  is  shown  in  two  views:  a  plan 
view  and  a  side  view,  the  latter  being  half  in  section  and 
half  in  elevation.  Lay  off  their  vertical  center  line  3"  to 
the  left  of  the  right-hand  border  line,  and  the  horizontal 
center  line  for  the  plan  view  ^i"  below  the  upper  border 
line.  Leave  a  space  of  J"  between  the  two  views.  The  square 
hole  indicated  in  the  upper  part  of  the  plan  view  serves  the 
purpose  of  allowing  the  insertion  of  the  bolt  *  from  below 
into  the  T  slot. 

118.  The  parts  on  Plate  1010  are  drawn  full  size,  except 
those  numbered  9,  IS.  15,  16,  and  17.  which  are  drawn  half 
«se.     Locate   the   tops   of    the    views   in   the    upper    row 
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1^"  from  the  upper  border  line,  and  equalize  tbe  spaces 
between  them,  similar  to  those  on  the  Plate.  In  drawing 
tbe  knurled  portion  of  part  7,  draw,  first,  horizontal  lines 
indicating  the  upper  and  lower  borders,  thereby  making 
sure  that  the  borders  will  appear  even. 

The  lower  part  of  the  nut  9  is  dovetailed  into  the  groove 
situated  in  the  base  of  part  2,  but  this  groove  is  made 
■jJ,"  wider  to  give  a  certain  amount  of  play  to  the  nut. 

H9t  Draw  the  center  line  of  the  Jaw  facing  11,  SJ"  below 
the  upper  border  line,  and  draw  the  end  view  1^"  from  the 
left-hand  border  line,  leaving  a  space  of  1"  between  this  and 
'the  rear  elevation.  The  note  "  scored  face  "  indicates  that 
the  face  of  the  jaw  is  to  be  provided  with  a  series  of  shallow 
grooves  cut  at  right  angles  to  each  other.  The  appearance 
of  this  surface  is  indicated  in  Fig.  43.  It  should  be  noted 
that  the  arcs  outlining  the  upper  and  lower  surfaces  of  this 
part  are  not  concentric.  The  center  for  the  arcs  of  the 
lower  surfaces  is  found  by  drawing  a  line  parallel  with  the 
face  at  a  distance  from  it  of  \",  then,  with  a  radius  of  1^" 
and  the  lower  edge  of  the  face  as  a  center,  draw  an  arc 
intersecting  the  parallel  line.  The  point  of  intersection  is 
the  center  of  these  arcs.  The  center  of  the  upper  arcs  is 
found  if  the  vertical  line,  indicating  the  face,  is  produced 
and  intersected  by  an  arc  having  a  radius  of  SJ",  and  its 
center  in  the  upper  edge  of  the  face. 

l!SO,  The  horizontal  center  line  for  the  two  views  of  the 
handle  10  is  located  (jf"  below  the  upper  border  line,  leaving 
a  space  between  the  end  view  and  the  right-hand  border 
line  and  between  the  two  views,  of  1"  and  |",  respectively. 
The  right-hand  end  of  the  handle  has  been  drawn  in  section, 
to  show  the  threaded  hole.  In  the  free  space  above  these 
views,  locate  the  views  of  parts  8,  IS,  and  13. 

131.  Draw  the  horizontal  center  lines  of  parts  16  and  /7, 
IJ"  and  3J",  respectively,  above  the  lower  border  line,  and 
leave  a  space  of  J"  between  them  and  the  left-hand  border 


line.  The  head  of  part  11  is  not  spherical,  as  the  left-hat^^^^, 
half  is  oucHned  by  a  semicircle  with  a  radius  of  I|" 
the  right-hand  part  is  outlined  by  two  arcs  of  \\'  radiu^^ 
The  extreme  end  of  the  head  is  flattened  for  a  distance"  " 
of  i",  corresponding  to  the  diameter  of  the  countersunl*'' 
part  of  the  hole  for  screw  20.  The  thread  on  the  vise  screw** 
is  made  in  a  conventional  manner,  somewhat  similar  to  ^ 
Fig.  7,  with  the  exception  that  the  rear  pails  of  the  thread 
are  not  shown.  Locate  the  end  and  side  view  of  part  15  as 
indicated. 


^\c 


123.  Before  drawing  the  guard,  part  /4.  it  should  be  J 
carefully  studied,  for  its  shape  is  somewhat  difficult  toJ 
ascertain  from  the  two  views  given.. 
The  upper  view  is  a  front  elevatioo  I 
and  the  lower  a  bottom  view.  The  I 
parts  ditRcult  to  locate  are  the  two  I 
shoulders  on  the  rear  surface.  These  | 
are  shown  in  dotted  lines  in  the  eleva- 1 
tion,  but  appear  in  the  lower  view  3a\ 
continuations  of  the  sides.  By  coo- : 
'''"■  "  silking   Fig.   44,  where  the   guard   is  1 

shown  in  perspective  as  it  appears  when  seen  from  the  rear, 
the  student  should  be  able  to  interpret  the  two  views  cor- 
recily.  Draw  their  vertical  center  line  6J"  from  the  right- 
hand  border  line  and  locate  the  base  lines  of  the  views  3^" 
and  IJ"  from  the  lower  border  line. 


PLATE  1011,    TITLE! 
ASSEMBLY,    BENCH    VISE 

t83.  Plates  1009  and  1010  being  completed,  the  student 
should  next  make  the  assembly  drawing,  which  forms 
Plate  1011.  As  all  the  details  are  given  on  Plates  1009 
and  1010,  no  specimen  plate  is  sent  the  student  in  this  case, 
he  being  expected  to  get  all  his  information  from  the  detail 
drawings  and  Fig.  43.     The  small  circles,  ^"  in  diameter^ 
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enclusing  figures  and  placed  near  the  various  details  are 
reference  circles;  they  indicate  the  proper  position  of  the 
details  in  the  assembly  views,  and  the  numbers  correspond 
to  those  given  in  the  bill  of  materials. 

To  draw  the  assembly  views,  Fig.  43,  locate  the  horizon- 
tal center  line  of  the  npper  views  31"  below  the  upper 
border  line,  and  leave  a  space  of  i"  between  these  views  and 
their  adjacent  vertical  border  line.  The  lower  view  should 
be  3J"  above  the  lower  border  line,  and  a  space  of  J"  left 
between  it  and  the  left-hand  border  line. 

Insert  the  reference  numbers  at  their  respective  parts  and 
place  the  title  in  the  lower  right-hand  corner  as  indicated. 
The  reference  letters  referring  to  center  lines  in  these  and 
the  following  plates  should  be  omitted  on  the  drawings 
made  by  the  student,  and  only  such  letters  should  be 
^^^^serted  that  refer  to  section  lines,  such  as  ^  i^  on  part  /. 

^^H  FI^TE    1018,   TirXjE: 

^^H  SnAFT    IL,V^'OKU 

^^H!^134.     In  connection  with  Plate  1006  it  was  shown  that 
shafts  must  be  supported   in   bearings,  and   also  how  the 
latter  may  be  made  to  conveniently  effect  alinement  of  the 
shaft.      It  was  e.xplained  how  shafts  may  be  used  to  convey    , 
motion  from  one  point  to  another,  as,  for  instance,  from  an  | 
engine  to  the  various  machines  to  be  driven  by  it.     Such  J 
long   shafts — with    their   couplings,    if    any   are   used- 
called  line  sha/liiig.     They  may  be  supported  on  the  floor  1 
or  from  the  ceiling  of  the  building  in  which  they  are  placed.  ' 
In  the  latter  case  the  supports  are  called  hangers,  and  con- ' 
tain  the  bearings  proper,  which  may  easily  be  alined.     This  J 
Plate  shows  a  drawing  of  a  common  form  of  such  shaft! 
hangers.     As  the  material  list  shows,   it  consists  of  nine  I 
parts,  some  of  which  occur  but  once,  others  twice,  and  one  1 
four  times  in  the  construction,  so  that  the  structure  consists  J 
of   fourteen   parts,  counting   every  single   piece   by  itself,  1 
The  part  numbered  /  on  tlie  drawing  is  the  hanger  proper, 
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which  is  fastened  to   the  ce 
through  holes    in    the    base. 


ling  by    strong   bolts    passiri 
Extending    downwards, 


hanger  terminates  in  a   square-shaped  frame  open  at  k_ 
lower  end,  in  which  is  placed  a  shell  made  in  halves,  parta] 
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and  7  on  the  Plate.  Within  this  shell  is  located  the  bearing 
proper,  numbered  4  and  5,  also  made  in  halves.  The  afore- 
said square-shaped  frame  is  closed,  after  the  shell  with  the 
bearing  is  inserted,  by  a  cap,  part  j^,  secured  by  two  studs, 
part  3j  and  nuts,  part  9,  The  studs  are  cast  into  the 
hanger,  first  having  been  flattened  at  the  end,  as  directed 
by  the  note  near  the  detail  of  the  hanger.  Two  setscrews, 
part  <9,  serve  to  adjust  the  shell  cpntaining  the  bearing 
proper  to  correct  alinement  with  the  other  hangers  used  to 
support  the  same  line  of  shafting.  The  whole  structure  put 
together  appears  as  shown  in  the  half  tone.  Fig.  45.  The 
student  will  notice  that  there  are  very  few  finish  marks  on 
the  drawing,  from  which  it  is  plainly  evident  that  a  large 
portion  of  the  dimensions  are  for  the  foundry,  and  that 
there  is  very  little  machine  finish.  The  bearing  proper, 
parts  4  and  5,  and  the  shell,  6  and  7,  are  finished  where  they 
join  together,  parts  6  and  7  being  also  faced  off  at  the  ends. 
Parts  1  and  2  are  drilled  and  tapped  for  the  |"-11  setscrew 
used  to  adjust  the  height  of  the  bearing,  and  oil  holes  are 
drilled  in  part  4-  With  these  exceptions  there  is  no  machine 
work  to  be  done  on  the  hanger.  Parts  4  and  5  are  lined 
with  Babbitt,  the  same  process  being  followed  as  that 
described  in  connection  with  the  bearing  shown  in  Plate  1006, 
although  the  absence  of  finish  marks  indicate  that  the  bear- 
ing is  not  to  be  bored. 

125.  All  the  parts  are  drawn  on  the  Plate  in  detail,  by 
themselves,  except  the  setscrews,  the  nuts,  and  the  main 
frame  or  hanger  proper,  which  is  represented  in  two  views 
drawn  to  a  scale  of  3"  =  1  ft.  This  figure  shows  the  whole 
structure  assembled. 

The  dimensions  given  on  the  assembly  are  leading  dimen- 
sions only,  the  few  detail  dimensions  of  the  main  frame 
given  and  placed  near  the  foot  being  added  because  the  size 
of  the  sheet  did  not  permit  the  portion  of  part  1  being 
shown  in  detail  in  any  other  position.  The  other  dimen- 
sions of  the  main  frame,  or  part  i,  are  given  in  the  two 
views  located  in  the  lower  left-hand  corner  of  the  Plate. 
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136.  All  the  details  are  to  be  drawn  first,  and  to  a  scale  a 
6"  =  1  ft.  Start  with  the  bearing  proper,  parts  4  and  5.  The 
student  will  readily  perceive  the  similarity  of  this  piece  with 
the  one  drawn  on  Plate  1006.  There  are  these  differences, 
however:  In  the  present  case  the  bearing  consists  of  two 
parts,  while  the  former  was  one  piece  only.  The  present 
bearing  is  not  self-oiling,  so  that  there  are  no  slots  for  oil 
rings,  little  oil  holes  being  provided  instead.  The  means 
for  preventing  the  bearing  from  turning  in  its  seat  is  in  the 


present  case  a  small  boss,  or  teat,  at  the  bottom  of  t 
rounded  central  portion,  which  is  also  called  the  ball.  ThS 
small  teat  fits  into  a  recess  provided  for  it  at  the  bottom  of 
the  lower  shell,  part  7.  For  convenience  the  two  halves  of 
the  bearing  are  drawn  together,  the  finish  mark  placed 
on  the  dividing  line  indicating  that  both  surfaces  are  to  be 
finished.  Both  halves  are  shown  half  in  section.  With  the 
instruction  given  for  the  similar  piece  on  Plate  1006,  the 
student  should  have  no  difficulty  in  drawing  the  bearing. 
Place  the  center  lines  IJ"  from  the  bottom  border  line,  and 
the  vertical  center  lines  8|"  and  6J"  from  the  right-fa 
border  line,  respectively. 
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127.  The  shells  6  and  7,  Fig.  4fi,  are  drawn  in  much 
the  same  manner  as  the  bearing.  The  two  halves  are  also 
shown  together,  as  were  those  of  the  bearing;  they  are  also 
shown  in  a  perspective  view.  Fig.  47,  partly  broken  away. 
Draw  the  horizontal  center  lines  5\"  from  lower  border  line, 
and  the  vertical  center 
lines  5"  and  IJ"  from 
right-hand  border  Ime, 
respectively.  Begin 
with  the  right-hand, 
or  end,  view.  Draw 
the  circular  opening 
from  the  center  o  (see 
Fig.  40).  Next  draw 
the  outline  of  the  shell, 
which  is  dome-shaped 
in  the  upper  half  and  box-shaped  in  the  lower  half.  The  out- 
line of  the  upper  half  is  composed  of  circular  arcs  of  different 
radii,  one  drawn  with  a  radius  of  2J"  from  a  center  0'  and  ^\" 
from  c  on  the  horizontal  center  line ;  the  other  with  a"  on  the 
vertical  center  line  as  a  center,  ^"  from  0,  with  a  radius  of  I4". 
Lay  off  o'  and  t?"  first.  Draw  a  line  0'  o"  through  these  points 
and  prolong  it,  say,  to  x.  When  curves  of  different  radii 
are  joined  together,  as  in  this  instance,  their  point  of  junc- 
tion should  lie  on  a  line  passing  through  the  centers  of  the 
arcs,  such  as  line  o'.r.  Draw  one  arc  from  a  itil  it  inter- 
sects a' X  at  d;  then  draw  the  other  arc  from  i>  to  c.  Draw 
aimilar  arcs  on  the  left-hand  side  of  the  figure. 

On  top  of  the  upper  shell  place  the  boss  for  the  oil  cup  rf, 
whose  diameter  is  1|"  and  whose  top  line  is  J"  above  the 
crown  of  the  shell,  as  seen  in  the  other  view.  The  boss  is 
cupped,  the  cup  having  a  radius  of  ]\"  and  being  }"  deep. 
Next  add,  in  similar  manner,  the  boss  e  for  the  end  of  the 
setscrew  to  bear  against,  l^","  in  diameter  and  I"  high. 
This  boss  is  also  cupped,  the  cup  having  a  radius  of  ^,"  and 
being  J"  deep.  This  cup  is  not  visible  in  the  right-hand  half 
of  the  end  view,  as  the  whole  boss  is  hidden  by  the  oil-cup 
boss  and  must  be  shown  in  dotted  lines. 
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The  outline  of  the  lower,  box-shaped  half  of  the  shdl  is 
now  to  be  drawn.  Carry  straight  lines  down  from  a  and  tl^ 
one  full  and  one  dotted,  as  shown,  the  latter  being  hidden 
by  a  projecting  lug.  The  bottom  line  of  the  lower  shell  is 
a  circular  arc  having  a  radius  of  7^".  Its  center  is  obtained 
by  laying  out  the  bottom  point  lf|"  below  the  horixontal 
center  line,  and  from  there  going  up  7^"  on  the  vertical  center 
line.  Draw  the  boss  ^  at  the  bottom.  The  lower  shell  has 
on  each  side  three  projections  g^  g'  and  A,  the  lugs g  and  g^ 
protruding  {",  and  the  raised  surface  //  only  -^"^  The  out- 
lines of  the  lugs  appear  in  the  end  view  in  full,  in  both 
halves  of  the  figure,  while  the  raised  surface  h  appears  as  a 
full  line  on  the  sectional,  or  left,  side  and  as  a  dotted  line  on 
the  right  side,  being  there  hidden  by  the  lug^'.  Round  off 
the  lugs  with  the  proper  radii.  The  projecting  lugs  gg^ 
just  drawn,  together  with  the  raised  surfaces  h^  hold  the 

shell  in  proper  position  in 
the  main  frame,  keeping 
it  from  moving  endwise 
and  sidewise  respectively. 
Next  define  the  thick- 
ness of  the  shell  in  the  left- 
hand  side  of  the  figure  by 
drawing  concentric  arcs 
and  parallel  lines  to  the 
outlines  already  drawn. 
The  thickness  is  J",  as 
given  in  the  other  view  at 
the  bottom,  it  being 
understood  that  the  gen- 
eral thickness  of  shell  is 
the  same  throughout.  On 
the  inside  of  the  shells 
are  placed  bosses /*  and /', 
cupped  to  receive  the  ball, 
or  rounded  middle,  portion  of  the  bearing.  These  cups  have, 
however,  a  smaller  radius  than  the  ball,  for  the  following 
reason:  As  has  been  said,  these  surfaces  are  not  finished.    It 
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would,  therefore,  not  be  practical  to  cast  them  so  as  to  make 
them  exactly  coincide.  By  making  the  cups  of  smaller  radius, 
the  surfaces  will  be  in  contact  only  at  the  rim  of  the  cup, 
as  shown  in  Fig.  48.  The  radii  of  the  cups  are  given 
as  1^";  to  find  their  centers,  q  and  q\  proceed  as  follows: 
With  £?  as  a  center  draw  a  circle  with  a  radius  of  1^",  as 
shown  in  Fig.  48 ;  next  lay  off  If"  from  o  downwards  along 
the  vertical  center  line,  and  draw  a  horizontal  line  r  s  mark- 
ing the  top  of  the  cupped  boss.  With  the  point  of  inter- 
section /  as  a  center  and  a  radius  of  1^^"^  strike  an  arc 
cutting  the  vertical  center  line  at  q;  with  ^  as  a  center, 
draw  the  arc  defining  the  bottom  of  the  cup.  Draw  the 
upper  cup  in  the  same  manner.  Draw  the  little  recess  in 
the  lower  cup  for  the  teat  referred  to  in  Art.  126.  The 
thickness  of  the  shell  is  changed  at  two  other  places,  namely, 
at  //,  Fig.  46,  and  at  the  corresponding  point  opposite,  being 
recessed  -^"  deep  and  |"  wide  to  accommodate  the  ball,  as 
the  shell  is  only  2|"  wide  in  the  clear,  while  the  ball  is  S"  in 
diameter.  The  top  sleeve  6  is  held  in  position,  in  relation 
to  bottom  sleeve,  part  7,  by  four  projections  v,  one  placed  at 
each  corner  of  the  top  half  and  slipping  into  the  bottom  half. 

1!38«  The  other  view  is  now  easily  drawn.  Carry  over 
from  the  end  view  horizontal  lines  limiting  the  inside  and 
the  outside  of  the  shell,  the  tops  and  bottoms  of  the  bosses 
for  the  oil  cups  and  ball  cups,  keeping  in  mind  the  fact  that 
the  line  representing  the  inside  of  the  top  of  part  6  is  not 
found  by  projecting  horizontally  from  the  end  view,  as  the 
top  point  there  represents  the  bottom  point  of  the  cup/. 
The  inside  top  line  in  the  side  view  must  be  found  by  laying 
off  a  point  ^"  below  the  outside  of  the  shell,  and  through 
this  drawing  a  horizontal.  Lay  off  the  center  lines  and 
centers  of  the  oil  cups  and  draw  their  outlines.  Carry  over 
the  centers  of  the  ball  cups  and  draw  their  outlines,  also 
those  of  the  setscrew  cups.  Lay  out  the  lugs  ^  and  ^',  the 
raised  surface  //,  the  recess  //,  and  the  projections  ^,  the 
latter  visible  only  in  the  right-hand  or  sectional  half  of 
the  figure.     Round   off  the  corners   and  draw    the   fillets 
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The  outlines  of  the  recess  u  is  found  by  ascertaining  t 
intersection  between  the  ball  of  the  bearing  and  the  insid 
of  the  shell.     The  student  is  not  required  to  determine  t 
intersecting  points  by  means  of  projection,  but  may  drai 
an  approximate  curve  in  the  following  manner.     With  tq 
intersecting  point  of  the  two  center  lines  as  a  center,  dri 


of  A". 


Lay  off  another  cent^ 
I"  above  the  first  an 
draw  another  arc 
a  radius  of  ^". 
means  of  the  irreguUJ 
curve  draw  two  citr 
tangential  to  the  ' 
arcs. 

129.     Now  draw  the 
detail  numbered  1  and  S 
(see  also  Fig.  49),  which 
is     the    lower    porti< 
of  the  main  frame,  wi 
its  bolts  cast  into  it. 
will  be  noticed  that  the 
detail  drawing  of  parts  1 
and  S  shows  only  a  por- 
tion of  the  frame,  and 
that   it    is   drawn  to  a 
larger   scale    than    the 
frame  shown 
sembly  drawing.     Tl 
is   another    illustrati 
of  the  practice  referred 
to  in  the  description  of 
the  enlarged  cross-sec- 
tion of  the  pulley  rii 
I''"  «*  Plate  1005.    The  site 

the  Plate  would  not  peri.iit  of  drawing  the  entire  frame 
the  scale  used  for  the  details;  hence,  Ihe  upper  part  only 
is  shown,   drawn   to    the   enlarged   scale,   the    dimensions 
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necessary  for  the  foot  of  the  frame  being  given  on  the 
assembly.  Commence  with  the  top  view  or  elevation. 
Draw  a  vertical  center  line  2^^"  from  left-hand  border 
line.  Draw  parallel  to  it  the  center  lines  of  the  bolts  5-^^" 
-^  2  =  2^"  from  it,  on  either  side.  Draw  a  horizontal 
line  m  m\  Fig.  49,  which  determines  the  bottom,  and 
is  4J"  (actual  measurement)  from  the  lower  border 
line.  Lay  out  the  inside  and  outside  dimensions  (3^" 
and  6|^")  of  the  uprights  and  draw  their  vertical  out- 
lines m  fly  fri  n'.  The  uprights  have  ribs  a  and  a\  the  inside 
edges  of  which  coincide  with  the  center  lines  of  the  bolts; 
the  ribs  are  |"  thick.  These  ribs  extend  to  the  upper  part 
of  the  frame,  while  the  thick  parts  of  the  uprights  terminate 
on  the  outside  in  caps  which  are  partly  spherical  and  have  a 
radius  of  |",  with  centers  on  the  inside  edges  of  the  ribs. 
To  locate  these  centers,  lay  off  from  ;;/ ;;/'  the  height  5^"  on 
the  outside  edges  of  the  ribs  to/  and/';  with  these  points 
as  centers  cut  the  inside  edge  line  of  the  ribs  with  arcs 
struck  with  a  radius  of  y\  obtaining  centers  o  and  o'  of  the 
caps.  A  ribbed  bridge  bb\  having  a  cylindrical  boss  c  in 
the  center  for  the  setscrew,  connects  the  two  uprights. 
This  bridge  is  curved  to  a  circular  arc,  the  upper  edge  of 
the  central  horizontal  rib  b  having  a  6"  radius,  whose  center 
is  located  \"  from  the  line  ;// ;;/'.  The  lower  edge  of  the 
central  rib  b  is  \"  away  from  the  upper,  and  is  struck  from 
the  same  center.  The  remainder  of  the  bridge  should  be 
readily  drawn.  Draw  the  cylindrical  boss  c  by  locating  a 
point  q  in  the  middle  of  the  rib  b  and  laying  off  points  J"  to 
the  right  and  left  of  the  vertical  center  line,  and  \^"  above 
and  1"  below  point  q.  Now  put  in  the  fillets  joining  the 
various  parts,  and  round  off  the  corners.  Next  draw  in  the 
hole  for  the  setscrew  in  the  boss  c,  and  finally  the  studs  S. 
The  flattening  of  the  studs  is  shown  in  a  conventional 
manner  without  dimensions,  this  being  safely  left  to  the 
blacksmith. 

Begin  now  with  the  bottom  view.  Carry  down  vertically 
the  center  lines  of  the  studs,  having  previously  drawn  a 
horizontal   center   line   of    the  whole   figure    l^y    (actual 
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measurement)  from  the  lower  border  line.  Draw  the  circles 
representing  the  studs,  the  threaded  setscrew  hole,  and 
the  cylindrical  boss  c.  Carry  down  the  outside  edges  »iH 
and  m'n'  of  the  uprights  from  the  upper  figure  to  the  lower, 
intersecting  the  horizontal  center  line  in  r  and  r',  through 
which  points  draw  arcs  of  circles  with  a  ■]4"  radius  to  repre- 
■nt  the  plan  of  (he  uprights.  Carry  down  the  inside  edges 
of  the  uprights  and  lay  off  their  width,  which  is  IJ".  Carry 
down  the  edges  of  the  ribs  a  and  n'  and  make  their  width  ZJ". 
Finally,  draw  the  rib  *',  |"  thick.  Round  off  corners  and 
pat  in  fillets. 

180.  The  next  part  to  be  drawn  is  the  cap  S,  also  shown 
in  Fig.  60,  Draw  center  lines  7j"  from  the  left-hand  border 
line  and  6"  from  the  bot- 
tom border  line,  respec- 
tively. It  is  best  to  start 
with  the  upper  view  or 
plan.  Establish  the 
stud-holecenlers;  draw 
the  circles  representing 
the  stud  holes,  the  set- 
screw  boss,  and  the  set- 
screw  hole.  Lay  out 
the  outside  and  inside 
dimensions  of  the  body 
and  rib  of  the  cap  as  well 
as  their  width;  the  di- 
f^o- »  mensions  m",  3^",  8J", 

and  H"  will  be  found  to  be  the  same  as  the  corresponding 
dimensions  of  the  uprights  of  part  1.  These  outlines  will 
be  partly  dotted  lines,  being  hidden  by  a  half-round  mold- 
ing a  a  \"  wide  carried  all  around.  In  the  plan,  this  molding 
shows  in  parallel  lines  and  concentric  circles  to  the  outlines 
of  the  body  proper  and  ■^"  away  from  them.  Now  draw 
the  lower  view  or  elevation.  It  is  drawn  in  a  manner  similar 
to  the  bridge  portion  in  part  1.  Notice  that  the  body  tapers 
on  the  sides  b  and  b'  and  that  it  is  flattened  at  the  bottom 
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at  c  for  the  nut  of  the  setscrew.     Put  in  circles  for  fillets 
and  round  off  the  corners  with  proper  radii. 


131.  All  that  now  remains  to  be  drawn  is  the  assembly 
shown  in  two  views  and  in  four  sections  through  the  frame 
and  web.  Start  with  the  elevation,  beginning  at  the  left. 
Draw  the  horizontal  center  line  nn'.  Fig.  51,  3"  from  the 
upper  border  line,  and  a  base  lineal  7|"  from  the  left-hand 
border  line,  draw  center  lines  qr  and  st  for  the  bolt  holes; 
lay  out  the  thickness  of  the  base  and  of  the  bosses  e  and  e', 
and  draw  in  the  bolt  holes.  The  top  of  the  rib  d  is  parallel 
to  the  base  line;  the  rib  itself  is  IJ"  high,  as  indicated  on 
the  section  along  A  B  shown  at  the  left-hand  upper  corner 
of  the  Plate.  Lay  off  30"  from  the  base  line  to  locate  the 
center  of  the  shaft;  this  distance  is  called  the  drop  of  the 
hanger.  Draw  a  vertical  center  line  through  o  and  com- 
plete this  end  of  the  hanger  from  dimensions  on  the  details 
previously  drawn.  The  scale  to  be  used  is  3"  =  1  ft.  The 
curve  of  the  side  of  the  hanger  is  partly  that  of  an  ellipse, 
half  the  diameters  of  which  are  3}'  and  28J'.  Use  for  its 
construction  the  first  of  the  two  methods  given  m  Geo- 
metrical Drawing,  as  shown  in  Fig.  51.  From  «  to  s  the 
curve  is  a  circular  arc  tangent  to  the  ellipse  at  u  and  to  the 
bottom  of  the  base  at  s,  and  passing  through  the  end,)"  of 
the  long  diameter  of  the  ellipse.  If  the  circles  used  for  the 
construction  of  the  ellipse  are  divided  into  the  same  number 
of  parts  as  shown  in  Geometrical  Drawing,  then  the  point  « 
is  located  at  the  end  of  the  third  line  from  the  left  in  Fig.  51. 
The  center  of  the  curve  712  may  be  found  in  the  following 
manner:  Draw  a  perpendicular  vv'  that  will  bisect  an 
imaginary  straight  line  connecting  points  u  and  y,  in  the 
manner  described  in  Geometrical  Drawing,  Any  arc  with 
its  center  on  line  i>v'  will  pass  through  points  uy.  The 
center  of  an  arc  that  will  also  pass  through  point  s  can  be 
found  either  by  trial  or  according  to  the  method  described  in 
Geometrical  Drawing  for  passing  a  circle  through  three 
points  not  in  the  same  straight  line,  the  three  points  here 
being  »,  y,  and  z.     The  other  construction  dimensions  can 
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be  obtained  from  the  cross-sections  and  the  over-all  dimen- 
sions given  on  the  assembly.  The  bottom  plan,  to  the  left 
of  the  figure  just  drawn,  is  easily  made  by  carry mg  over, 
horizontally,  all  dimensions  from  the  elevation  that  can  be 
so  obtained,  and  laying  off  the  others  from  center  line  m  m\ 
6J"  from  left-hand  border  line. 

Finally  draw  the  four  sections  of  the  main  frame  at  the 
left-hand  upper  corner  of  the  Plate.  The  student  should 
have  no  difficulty  with  these. 

In  lettering  the  title,  note  that  part  8  is  called  for  twice, 
it  being  plainly  evident  from  the  assembly  that  two  adjust- 
ing screws  are  necessary,  and  also  that  four  hexagonal  nuts, 
part  P,  are  required  for  parts  8  and  S,  Six  patterns  are 
called  for  to  complete  the  hanger,  although  part  -4  could  be 
produced  from  pattern  Z>,  which  is  made  for  part  5,  It  is 
probable,  however,  that  on  standard  parts  of  this  sort,  large 
numbers  will  be  made,  and  it  is  therefore  advisable  to  call 
for  patterns  for  each  part. 


PIRATE    1013,  TITIiB: 

GEAB-TEBTH  PBOFIIiES 

132.  The  style  of  drawing  shown  in  Plates  1013,  1014, 
and  1016  is  somewhat  different  from  that  shown  in  the  pre- 
ceding Plates.  Plate  1013  is  more  of  a  diagrammatic  nature, 
its  purpose  being  to  show  the  theory  and  construction  of 
gear-teeth  in  general,  while  Plates  1014  and  1015  are 
intended  to  illustrate  the  use  of  shade  lines  in  drawings. 
When  shade  lines  are  used,  the  outlines  of  an  object  are 
given  by  means  of  two  varieties  of  lines,  one  lighter  and 
one  heavier  than  that  previously  adopted  as  the  standard. 
The  function  of  shade  lines  is  to  differentiate  between  such 
surfaces  that  are  illuminated  by  rays  of  light,  assumed  to 
come  in  a  certain  direction,  and  other  surfaces  not  exposed 
to  such  rays.  A  detailed  description  of  this  subject  has 
already  been  given  in  Geometrical  Drawing, 
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While  there  is  no  doubt  of  the  fact  that  drawings  con- 
taining shade  lines  will  greatly  assist  in  giving  a  clearer  idea 
of  the  shape  of  the  objects  represented,  such  lines  are, 
however,  going  out  of  use  more  and  more,  principally 
because  more  care  and  time  is  required  to  execute  a  draw- 
ing in  this  manner.  But  as  some  drawing  offices  still  con^ 
tinue  their  use  and  as  there  are  cases  when  they  must  be 
used,  as  for  instance  in  drawings  intended  for  the  U.  S.. 
Patent  Office,  it  is  well  for  the  student  to  familiarize  him- 
self also  with  this  method.  The  three  Plates  are  drairn 
full  size. 

If  a  circle  is  rolled  on  a  straight  line  without  sliding, 
a  point  on  the  circumference  of  the  circle  will  describe  a 
curve  called  the  cycloid.    The  circle  is  called  the.senezBp 
tins  circle.    The  shape  of  the  curve  and  the  manner  of 
drawing  it  are  shown  in  Fig.  1.     Let  O  be  the  center  of  the 
generating  circle,  which  is  If"  in  diameter,  Pthe  point  on 
the  circumference  of  the  generating  circle,  and.  A  B  the 
straight  line  on  which  the  generating  circle  is  rolled  and 
which  is  equal  in  length  to  the  circumference  of  the  gener- 
ating circle,  or  If"  x  3.1416  =  5.4978,  say  Sf.     The  gen- 
erating circle  should  be  so  placed  that  its  center  O  lies  over 
the  center  of  the  line  A  B^  as  shown.     Divide  the  generating 
circle  into  any  number  of  equal  parts,  in  this  case  12,  or 
-Pi,  1-2^  2-3^   S-Jf^  etc.,   and    through   these   points  draw 
lines  C D^  EF^  G H^  etc.,  parallel  to  the  line  A  B.     Through 
the  center  O  of  the  generating  circle  draw  the  radius  06, 
Divide  each  half  of  the  line  A  B  into  half  the  number  of 
equal  parts  that  the  generating   circle  is   divided  into,  as 
A  i,  1-2^  2-3,  etc.,  and  through  these  points  draw  lines  peV- 
pendicular   to   AB  terminating  in   the  line  (7//,  as  A  G^ 
1-1\  2-2\  S-3\   etc.     From    the    point    1\   with   a   radius 
equal  to  the  radius  of  the  generating  circle,  as  (9  ^  or  i -i, 
describe  an  arc  intersecting  the  line  K L  in  the  point  /**; 
from  the  point  2\  with  the  same  radius,  intersect  the  line  // 
in  the  point  P^\  from  the  point  3\  with  the  same  radius, 
intersect  the  line  G  H\  continue  in  a  similar  manner  with 
the   remaining   points  4\  5\  7\  8\  etc.,  intersecting  the 
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lines  EF  and  CD  in  the  points  P\  P\  P\  P\  etc.  The 
points  A^  P\  -P',  P*,  etc.  are  points  in  the  curve  through 
which  the  cycloid  may  be  drawn.  It  will  be  noticed  that 
when  the  center  O  of  the  generating  circle  coincides  with 
the  point  G,  the  point  P  on  the  circumference  of  the 
generating  circle  coincides  with  the  point  A  ;  and  that  when 
the  generating  circle  is  revolved  toward  the  right,  without 
sliding,  until  the  center  O  coincides  with  the  point  1' ,  the 
point  P  will  coincide  with  the  point  P\  Thus  it  is  seen  how 
the  point  P  passes  through  all  the  points  from  A  to  B^ 
namely,  A^  P\  P*^  P*^  etc.,  when  started  at  A  and  revolved 
toward  the  right  to  B. 

133*  If  the  generating  circle  is  rolled,  without  sliding, 
on  the  outside  of  the  circumference  of  an  arc  of  a  circle 
supposed  to  be  at  rest,  instead  of  being  rolled  on  a  straight 
line,  the  curve  described  by  a  point  P  of  the  generating 
circle  will  be  an  epicycloid. 

The  manner  of  drawing  such  a  curve  is  shown  in  Fig.  2. 
A  B  is  the  arc  upon  which  the  generating  circle  is  rolled,  its 
center  being  at  S  and  its  radius  being  3J".  The  diameter 
of  the  generating  circle  is  in  this  case  the  same  as  in  Fig.  1, 
or  1|".  Make  the  lengths  of  the  arcs  6  A  and  6'  />  equal  to 
half  the  length  of  the  circumference  of  the  generating 
circle,  by  first  calculating  the  length  of  half  the  circum- 
ference of  the  generating  circle  and  drawing  a  straight  line 
tangent  to  the  arc  A  6  B  at  6\  making  it  equal  in  length  to 
half  the  circumference  of  the  generating  circle.  Then  make 
the  arc  6  A  equal  to  this  line  by  means  of  the  approximate 
method  given  in  Geometrical  Drawing,  Divide  the  arc  A  6  B 
and  also  the  generating  circle  into  the  same  number  of 
equal  parts,  in  this  case  12,  as  A  1,  ^--,  --^'3^,  etc.,  and  Pi, 
1-2,  SS,  etc.,  and  draw  radii  from  the  center  5  to  the  points 
of  division  on  the  arc  A  0  B.  During  the  revolution  of  the 
generating  circle,  the  center  O  will  describe  an  arc  mOn 
concentric  with  the  arc  A  0  />  and  having  the  same  number 
of  degrees  in  it  as  A  0  />.  Produce  the  radii  just  drawn  to 
the  arc  of  center  positions  ;;/  On,  intersecting  this  arc  in  the 
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points  m,  1'.  S',  3',  4',  etc.  Through  the  points  of  equal 
divisions,  1,  3,  S,  etc.,  of  the  generating  circle  pass  con- 
centric arcs  having  the  center  5,  as  CD,  E F,  GH,  fj, 
and  K  L.  With  the  points  1',  2',  3\  }^ ,  etc.  as  centers  and 
radii  equal  to  the  radius  of  the  generating  circle  describe 
arcs  cutting  the  arcs  KL,  I  J,  G  H,  etc.  in  the  points  P',  P', 
P',  etc.,  which  are  points  on  the  epicycloid.  ^H 

134.  When  the  generating  circle  rolls  on  the  insidel^H 
the  arc,  the  curve  described  by  a  point  on  the  circumference 
is  called  a  hypoeyclold.  The  method  of  drawing  it  is 
similar  in  all  respects  to  that  just  given  for  the  epicycloid. 
The  student  should  be  able  to  construct  it  from  the  drawing 
without  further  explanation.  The  diameter  of  the  gener- 
ating circle  is  1}"  as  before. 

185.  Suppose  that  a  string  Is  wound  on  a  cylinder  and 
that  the  end  of  the  string  is  at  the  point  P  in  Fig.  3.  If 
this  string  is  unwound  from  the  cylinder,  keeping  it  con- 
stantly tight,  the  end  P  will  describe  a  curve  known  as  the 
involute  of  the  circle,  or.  more  simply,  the  Involate. 
To  construct  it  geometrically,  let  O  be  the  center  of  the 
given  circle  representing  the  cylinder,  which,  in  Fig.  S,  is 
Kl"  in  diameter,  and  P  the  free  end  of  the  string  when 
wound  on  the  cylinder.  Divide  one-half  of  the  given  circle 
representing  the  cylinder  into  any  number  of  equal  parts,  in 
this  case  6,  as  Pi,  1-2,  2-3,  etc.,  and  through  each  of  these 
points  draw  tangents  to  the  circle,  as/",  P',  /",  etc.  To 
draw  these  tangents,  first  draw  the  radii  O  1,  OS,  OS,  etc. 
and  then  draw  the  tangents  IP',  S/",  5/",  etc.  at  right 
ingles  to  them.  By  means  of  the  approximate  method 
[iven  in  Geometrical  Drawing,  find  the  length  of  the  arc  1  P 
and  make  the  length  of  the  tangent  1  /"  equal  to  this  length ; 
of  the  tangent  S/"  equal  to  twice  this  length;  of  the  tan- 
gent S  P'  equal  to  three  times  this  length,  and  so  on.  The 
curve  drawn  through  the  points  P',  P',  /",  /",  etc.  will  be 
the  required  involute.  The  use  of  these  curves  will  now  I 
explained. 
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136.  On  Plate  1014,  in  Fig.  1,  is  shown  one-half  of  two 
Spur  gear-wheels  in  mesh.  The  two  dotted  circles  tangent 
to  each  other  at  P  are  struck  from  the  centers  of  the  gear- 
wheels and  are  called  the  pltt^h  circles.  The  diameter  of 
any  gear-wheel  is  always  understood  to  be  the  diameter  of 
its  pitch  circle  unless  it  is  specified  as  diameter  at  root,  or 
diameter  over  all.  The  length  of  that  part  of  the  pitch 
circle  between  the  centers  of  any  two  consecutive  teeth  is 
called  the  circular  pitch,  or  simply  the  pitch.  Thus,  in 
Fig.  1,  Plate  1014,  the  length  of  the  arc  ab  is  equal  to  the 
pitch  of  either  gear-wheel.  When  the  gear-wheels  are  cut 
in  a  gear-cutter,  the  width  of  the  tooth  rrfon  the  pitch  line 
is  equal  to  the  space  df  ;  that  is,  the  arc  c  d  is  equal  to  the 
arcdf,  and  each  is  equal  to  half  the  pitch.  When  the  gear- 
wheels are  cast,  that  is,  when  they  are  not  cut  in  a  gear- 
cutter,  clearance  is  given  between  the  back  of  one  tooth  and 
the  front  of  the  tooth  following,  to  allow  for  inequalities  in 
casting.  This  clearance,  or  backlash,  as  it  is  usually 
termed,  is  generally  made  equal  to  4  per  cent,  of  the  pitch. 
This  is  done  by  making  the  thickness  of  the  teeth  rt/  equal 
to  .48  of  the  pitch. 

The  part  C  C,  of  the  tooth  that  lies  beyond  the  pitch  circle 
is  called  the  addendum,  and  the  part  C  C,  that  lies  below  it 
is  called  the  root.  The  mce  of  the  tooth  is  the  part  CC,C'  C, 
Fig.  S,  of  the  tooth  above  the  pitch  circle,  extending  the 
whole  width  of  the  tooth.  The  flank  is  the  part  CC^C"  C, 
Fig.  8,  of  the  tooth  below  the  pitch  circle,  extending  the 
whole  width  of  the  tooth.  The  terms  addendum  and  root 
mean  distances  only,  while  face  and  flank  mean  surfaces. 

The  usual  practice  is  to  make  the  addendum  equal 
to  .^P,  and  the  root  equal  to  .4  P.  P  =  the  circular  pitch. 
The  distance  C,  C,  is  called  the  whole  depth  of  the  looth. 
The  method  of  describing  the  curves  of  teeth  shown  on  the 
Plate  1013,  Fig.  4,  is  a  convenient  way  of  drawing  the 
cycloldal,  or  double-curved  teeth.  Cycloidal  teeth  are 
constructed  by  making  the  outline  of  the  face  a  part  of  an 
epicycloid  and  the  flanks  a  part  of  the  hypocycloid,  hence 
the  name,  double-curved  teeth. 
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137.  In  Fig.  4,  Plate  1013,  let  ^  ^  be  part  of  a  pitch 
circle  struck  with  a  radius  of,  say.  5i".  For  convenience  i 
in  drawing  the  tooth,  let  the  pitch  be  2",  With  O  as  a 
center,  which  is  the  center  of  the  gear-wheel,  and  a  radius  , 
equal  to  5^",  describe  the  arc  A  B,  part  of  the  pitch  circle. 
Through  0  draw  a  straight  line  OS,  cutting  A  B  m  P. 
Take  the  radius  of  the  generating  circles  5" /'and  S'  /'equal 
to  Ij"  for  this  case  and  describe  arcs  having  centers  at  S 
and  5'  on  the  line  OS.  With  O  as  center  and  OS  as  radius 
describe  the  arc  5,  5,.  In  connection  with  the  gear-wheel 
teeth,  the  generating  circles  are  frequently  called  (lescriblns 
olrcles.  Roll  the  outer  describing  circle  upon  A  B  in  such 
a  manner  that  the  center  S  will  move  in  the  direction  of  the 
arrow  along  the  arc  5, 5,.  By  means  of  the  method  given. 
in  Fig.  2,  find  the  points  /",  /",  /",  etc.  on  the  epicycloid 
described  Uy  the  point/*.  Trace  a  faint  curve  through  th«- 
points  just  found  and  measure  off  on  the  pitch  circle  thei 
thickness  of  the  tooth. 


PD  -. 


.48/  =   ,48  X  2 


.9«". 


Make  EF  =  the  addendum  =  .3  X  /  =  .3  X  2"  =  .fi". 

With  0  as  a  center  and  0  F  as,&  radius  describe  an  arc 
cutting  the  epicycloid  in  G.  Now  roll  the  inner  describing 
circle  oxi  A  B,^o  that  its  center  S'  moves  in  the  direction  o£ 
the  arrow,  and  find  the  points  /",,  P^,  /*„  etc.  of  the  hypo- 
cycioid  described  by  the  point  P,  through  which  trace 
a  faint  curve.  Make  EF'  equal  the  flank  of  the  tooth 
=  Ap  =  .4  X  2"  =  .8",  and  with  0  as  a  center  and  OF' 
as  a  radius  describe  an  arc  cutting  the  hypocycloid  in  G'. 
PC  is  the  outline  of  the  fiank  of  the  tooth  and  PG  that 
of  the  face.  Since  it  would  be  a  tedious  operation  to  draw 
all  tbe  tooth  curves  in  this  manner,  it  is  usual  to  approxi- 
mate the  curves  by  means  of  circular  arcs;  that  ts,  to  find 
by  trial  a  center  Q  and  a  radius  QP  such  that  an  arc 
described  from  this  center  and  with  this  radius  will  pass 
through  the  points  on  the  curve  G  /'and  coincide  with  that 
curve  as  closely  as  possible ;  also,  to  do  the  same  with  regard 
to  the  curve  PG\  using  the  center  Q  and  the  radius  Q P. 
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To  find  the  center  Q  or  Q'  of  these  circular  arcs  proceed  as 
follows:     With  P  and  G  as  centers  and  any  radius  describe 
arcs  intersecting  in  Cand  C\    Draw  a  straight  line  through 
C  and  C ;  the  center  Q  must  line  on  C  C  to  the  left  of  G  P, 
Try  different  points  i,  2,  3,  4,  etc.  on  this  line  as  centers 
3.nd  1  Gy  2  Gy  etc.  as  radii,  and  see  if  one  of  the  arcs  struck 
^^rith  either  one  of  these  centers  and  radii  will  coincide  with 
the  epicycloidal  curve  G P,     Make  this  circular  arc  fit  the 
crurve   for  a  short  distance  beyond   G — as  far  as  P*,    for 
example;  this  will  insure  the  arc  being  more  nearly  correct. 
T^his  should  be  done  in  every  case  when  finding  an  approxi- 
xmate  radius  of  this  kind.    Continue  in  this  manner  until  the 
point  Q  is  found  such  that  an  arc  struck  with  Q  2iS  2i  center 
^nd  QG  or  QP  as  a  radius  will  coincide  as  closely  as  pos- 
sible with  G  P.     If  a  circle  were  drawn  with  O  as  a  center 
^nd  O  Q  as  a  radius,  the  centers  of  all  the  circular  arcs  of 
the  faces  of  the  teeth  would  lie  in  this  circle,  and  the  radii 
of  these  arcs  would  be  equal  in  length  to  QP,     Hence,  to 
find  the  center  Q^  of  the  arc  D  H  forming  the  back  of  the 
tooth,  take  Z^  as  a  center  and  (3Pas  a  radius  and  describe  a 
short  arc  cutting,   in    (2„   the   circle   passing   through    Q, 
T*hen,  with  Q^  as  a  center  and  the  same  radius  describe  the 
arc  D H,     In  a   similar   manner   find  the   center   Q^   aqd 
cjescribe  PG\  also  D H'.     Instead  of  letting  the  flank  form 
«a  sharp  corner  at  the  bottom  of  the  tooth,  as  shown  dotted 
at  G ',  it  is  usual  to  put  a  small  fillet  there,  as  shown  by  the 
full  line.     This  makes  the  tooth  stronger  and  less  liable  to 
break  or  to  crack  in  casting.     The  entire  tooth  outline  or 
curve  G PG'  or  H D H'  is  called  the  profile  of  the  tooth. 

138.  A  rack  is  a  part  of  a  gear-wheel  whose  pitch  circle 
is  a  straight  line ;  the  tops  of  the  teeth  all  lie  in  the  same 
plane.*  A  portion  of  a  rack  and  one  tooth  are  shown  in 
Fig.  6.  Take  the  pitch  the  same  as  l)efore,  then  the  adden- 
dum and  root  are  also  the  same,  that  is,  .G"  and  .8".     Take 


♦  As  the  radius  of  a  circle  is  increased  indefinitely,  any  arc  of  the 
circle  apprr)aches  more  and  more  to  a  straijrlu  line;  and  when  the 
radius  becomes  infinite,  the  arc  becomes  a  straight  line. 
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the  radius  of  the  describing  circles  1|",  as  before.  It  is 
evident  that  the  tooth  profile  will  be  formed  of  parts  of 
cycloids  formed  by  rolling  the  describing  (generating)  circle 
upon  the  pitch  line  A  B,  Draw  a  small  part  of  the  cycloidal 
curves,  as  shown  in  the  figure,  by  the  method  given  in 
Fig.  1 ;  lay  off  the  addendum  and  root  and  find  the  approxi- 
mate radius  in  the  same  manner  as  in  the  last  figure.  The 
centers  of  the  curves  for  the  faces  and  flanks  of  all  the  teeth 
of  the  rack  will  evidently  lie  on  the  straight  lines  passing 
through  Q  and  Q ',  respectively,  and  parallel  to  the  pitch 
line  A  B, 

139*  In  Fig.  C  is  shown  the  manner  of  drawing  the 
Involute,  or  slngle-curvo  tooth.  The  profile  in  this 
case  is  formed  of  a  portion  of  an  involute  curve  and  a  portion 
of  the  radius  of  the  pitch  circle.  The  circle  from  which  the 
involute  is  constructed  is  called,  in  this  case,  the  Ijase 
circle.  To  find  it  draw  the  pitch  circle,  of  which  the 
arc  A  B  is  a.  part,  with  a  radius  equal  to  5^"  and  having  its 
center  at  O.  Draw  any  radius  O  IV  cutting  the  arc  A  B 
in  D.  Through  D  draw  the  straight  line  E F,  making  an 
angle  of  75"  with  O  \V.  With  O  as  a  center  and  a  radius  to 
be  found  by  trial,  draw  a  circle  tangent  to  E  F.  This  circle, 
of  which  the  arc  H  (i  is  a  part,  is  the  base  circle,  and 
cuts  O  \V  \\\  P.  Ui)()n  lliis  circle  construct,  in  exactly  the 
same  manner  as  was  shown  in  Fig.  3,  a  j)orti()n  of  an 
involute  curve  passing  through  P.  Lay  off  the  addendum 
IK--  .(I",  and  with  O  as  a  center  and  01  as  a  radius 
des(Til)e  an  arc  to  form  the  toj)  of  tlie  tooth,  intersecting 
the  inv(^lute  in  /..  That  j)art  of  the  Hank  below  the  base 
circle  is  straight  and  is  a  part  of  the  radius  drawn  to  the 
point  /'.  K F  is  the  root.  The  tooth  lias  a  fillet  at  L 
and  /\',  as  in  cycloidal  teeth.  A  circular  arc  is  passed 
through  the  points  A  and  I\  coinciding  as  nearly  as  possible 
with  the  involute  curve  A  /'.  Its  (enter  O  is  found  in  the 
same  manner  as  in  I'^ig.  -1.  Imw  involute  teeth  it  is  only 
necessary  to  fnid  the  one  ("enter  0\  the  centers  for  all  the 
remainiu"'-    teeth   lie  on  a  circle  having   (^  as  a   center  and 
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passing  through  Q,  To  draw  the  other  side  of  the  tooth, 
lay  off  on  the  pitch  circle  MN  =  .96",  as  before.  With  M 
as  a  center  and  QN  =  QPsls  a.  radius  draw  an  arc  cutting, 
at  011  the  circle  passing  through  Q;  with  (2i  ^s  a  center  and 
the  same  radius  describe  the  part  P'  R  of  the  tooth  profile 
above  the  base  circle.  The  part  P'  R  below  the  base  circle 
is  a  part  of  the  radius  OP\ 

140.  In  drawing  any  of  the  curves  previously  described, 
the  greater  the  number  of  parts  into  which  the  describing 
or  base  circles  are  divided,  the  greater  will  be  the  accuracy 
obtained.  The  profile  of  the  rack  tooth  used  for  involute 
gears  is  a  straight  line  making  an  angle  of  15**  with  a  line 
drawn  perpendicular  to  the  pitch  line.  Its  construction  is 
shown  in  Fig.  7. 


DEFINITIONS  AND   C  A LC ILLATIONS 

141.  When  a  revolving  shaft  transmits  motion  to 
another  shaft  parallel  to  it  by  means  of  gear-wheels  or  tooth- 
wheels  in  such  a  manner  that  two  qorresponding  points,  one 
on  each  gear-wheel,  always  lie  in  the  same  plane,  the  two 
gears  are  called  spur  gear-wheels.  When  the  shafts  are  not 
parallel,  but  their  axes  intersect  in  a  point,  as  O  in  Plate  1015, 
they  are  called  bevel  goar-Avheels.  If  two  bevel  gear- 
wheels that  work  together  liavc  pitch  diameters  of  the  same 
size,  they  are  called  inltxjr  Kear->vhecls. 

From  what  has  preceded,  it  is  evident  that  the  circular 
pitch  multiplied  by  the  number  of  teeth  equals  the  cireum- 
fcrence  of  the  pitch  circle. 

Let  p  =  circular  pitch  of  j^^ear- wheel; 

;/  =  number  of  teeth; 
// =  pitch  diameter; 
r  =  3. 1410  (-  is  pronounced  pl)« 

Then,  i/  =  ^—  (I) 
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or,  tkt  diameter  of  the  pitch  circle  equals  the  circular  piuh 
mmit^Ned  by  the  mumher  of  teeth  divided  by  S.  U18. 


■^     <«) 


or,  the  eiremlar  pitch  equals  the  pitch  diameter  multiplied  by 
9.14J6  divided  6y  the  number  of  teeth. 


-i         (3) 


or,  the  number  of  teeth  equals  the  pitch  diameter  mtiltiptiedf^ 
by  S.  Undivided  by  the  circular  pitch. 

When  constructing  cycloidal  teeth   for  gear-vhaels,  tlM 
diameters  of  the  describing:  circles  a^  usually  made  eqiud  , 
to  one-half  the  diameter  of  the  pitch,  cwel^  of  a  gear-wheel 
having  13  teeth  of  the  sanie'  pitch  as-  those  of  the  gear- 
wheel about  to  be  made. 

Let  d'  be  the  diameter  of-tbe  descritnng  circle;  then. 


H^.i,«r..=^ 


(*) 


Addendum  =  .Zp;  root  =  .4/;  thicknessof  teeth  fore 
gears  Is  .48/,  and  for  cut  gears  J/. 


PIiATE   1014,  TITZjUi 

OSAB  AlO)  PINION 
143.  This  Plate  shows  the  halves  of  two  cast  gear- 
^vheels  having  cycloidal  teeth,  which  work  together,  £ 
cross-section  of  each  gear  being  also  given.  The  drawing 
is  full  size,  the  wheels  not  being  shown  entire  for  want  of 
room ;  to  have  done  so  it  would  have  been  necessary  to  make 
the  drawing  to  a  reduced  scale.  The  pitch  is  1",  the  num- 
ber of  teeth  in  the  large  gear  is  36,  and  in  the  small  one  18. 
The  pitch  diameter  of  the  large  wheel  is  found  by  formula  1 
to  be 

.       1X3 


'  S.Ulti 


11. 4G",  nearly 


f.    ' — ■  T^  vi '"  '  ^^       '  ^  ■  ■•■*■   ; 
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The  pitch  diameter  of  the  small  gear 

1  X  18 


3.1416 


=  6.73",  nearly 


The  diameter  of  the  describing  circle  is  found  by  for- 
mula 4  to  be 

For  all  practical  purposes,  the  diameter  of  the  describing 
circle  may  be  taken  to  the  nearest  16th  inch.  For  circular 
pitches  under  y ,  approximate  the  diameter  of  the  describing 
circle  to  the  nearest  32d  inch.  To  find  the  nearest  16th 
or  32d,  multiply  the  decimal  part  of  the  diameter  by  16  or 
32  and  take  the  nearest  whole  number  of  the  product  as  the 
number  of  16ths  or  32ds  that  the  decimal  represents. 
Thus,  in  the  above,  the  decimal  part  of  the  diameter  is  .91"; 
.91  X  16  =  14.50.  The  nearest  whole  number  to  14.66  is 
15;  hence,  the  diameter  of  the  describing  cifcle  is  lf|".  If 
the  diameter  had  been  required  to  the  nearest  32d,  .91  X  32 
=  29.12;  29  is  the  nearest  whole  number;  hence,  the  diam- 
eter would  be  I3  J".  In  this  case,  take  the  diameter  as  1|^", 
approximating  to  the  nearest  16th  for  all  circular  pitches 
above  V'-  The  addendum  will  be  .3  X  1"  =  .3";  the  root 
=  .4  X  1"  =  .4";  and  the  thickness  of  the  tooth  on  the  pitch 
circle  =  .48  X  1"  =  .48". 

Draw  the  line  of  centers  O  O'  between  the  two  axes. 
With  O  as  a  center  describe  a  semicircle  having  a  diameter 
of  11.46",  cutting  0  0'  in  P,  With  O'  as  a  center  describe 
a  semicircle  having  a  diameter  of  5.73"  which  shall  be 
tangent  to  the  first  circle;  this  semicircle  also  cuts  O  O' 
in  P.     These  are  the  pitch  circles.      Divide  the  larger  pitch 

circle  into  --,  or  18  equal   parts  by  using  the  protractor. 

This  is  accomplished  by  laying  the  protractor  on  the  draw- 
ing in  sugh  a  manner  that  the  center  of  the  protractor  coin- 
cides with  the  center  O  of  the  gear-wheel  and  then  laying 
off  on  the  drawing  18   divisions,  each  equal   to  10°.     The 
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reason  for  this  will  be  clear  when  it  is  remembered  that 

there  are  360°  in  a  circle,  or  —^  =  180"  in  a  semicircle,  and 

-  w  than  are  18  teeth  in  the  semicircle,  180°  -i- 18  a  10% 
whidi  ia  the  angle  between  two  lines'  drawn  from  the  cen- 
tsn  of  any  two  consecutive  teeth  to  the  center  O.  In  a 
like  manner,  any  circle  may  be  divided  Into  parts  by  uaii^ 
tha  protractor.  Make  CC*,  =  .8"  =,addendnm,  and  CC^ 
B  .4,"  =  root.  With  O  as  a.  center  and  O  C,  and  OC,  aa 
radii,  describe  light  circles,  called  addendiizn  and  xoofe 
etxQlAa,  to  represent  the  tops  and  bottoms  of  the  teeth. 
Consider  the  points  of  division  just  laid  oS  on  the  jAUii 
circle  as  the  centers  of  the  teeth,  and  lay  off  on  each  iido 
one*half  of  the  tlucloius  cd  of  the  tooth,  or  .48  x  ( 
■t  .94".  Upon  anothet  sheet  oif  paper  strike  a  short  arc  of 
the  pitch  circle  and  construct  the-  profite  of  the  tooth  ta 
described  in  Plate  1018,  using  describing  circles  Iff"  in 
diameter.  Having  found  the*  centers  Q  aiid  Q^  of  the  cir* 
cular  arcs  used  for  the  ^x>files  of  ihi  te^th,  draw  circtilar 
arcs  through  these  centers,  as  previously  described;  then, 
with  O  (see  Plate  1014)  as  a  center  and  the  same  radii 
describe  circles;  these  circles  will  contain  the  centers  of  the 
circular  arcs  which  form  the  teeth  profiles.  With  the 
point  A  us  a  center  and  a  radius  equal  to  the  radius  of 
the  face  of  the  tooth  (found  on  the  other  sheet  of  paper), 
describe  an  arc  intersecting  the  circle  of  face  centers  at  Q. 
With  Qnsa  center  and  the  same  radius,  describe  the  arc  A  D 
for  the  face  of  the  tooth,  the  point  D  being  the  point  of 
intersection  oi  A  D  with  the  addendum  circle.  In  the  same 
way  draw  the  remaining  faces  of  the  teeth.  To  draw  the 
flanks  take  a  point  representing  the  intersection  of  a  tooth 
profile  with  the  pitch  circle  (the  point  B,  for  example)  as  a 
center  and  a  radius  equal  to  the  radius  of  the  flank  found  on 
the  other  paper  on  which  the  tooth  profile  was  drawn,  and 
describe  an  arc  intersecting  the  circle  of  the  flank  centers 
in  G,.  With  (3,  as  a  center  and  the  same  radius,  describe 
the  flank  curve,  stopping  at  the  root  circle.  Draw  the  flanks 
of  the  remaining  teeth  in  the  same  way  and  then  put  in  the 
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fillets.  The  remaining  part  of  Fig.  1  can  be  easily  drawn 
from  the  dimensions  given. 

Pig.  8  is  a  conventional  method  of  drawing  cross-sections 
of  gears.  The  hubs  and  rims  are  sectioned,  but  the  teeth 
and  arms  are  not.  This  is  similar  to  the  wheel  shown  on 
Plate  1005.  This  method  of  sectioning  makes  the  views 
clearer  and  saves  the  time  spent  in  sectioning. 

In  Pig.  8  the  entire  gear  is  sectioned,  except  the  teeth. 
The  student  should  now  be  able  to  finish  the  Plate  without 
further  instructions. 


VLATB  1015,  TITIiB: 
BETELi  GEABS 

143.  To  draw  in  section  and  projection  two  cast  bevel 
Shears  whose  axes  intersect  at  right  angles:  The  number  of 
teeth  in  the  large  gear  is  20,  in  the  pinion  16.  The  circular 
pitch  is  1" ;  the  teeth  are  to  be  of  the  cycloidal  form,  having 
a  face  2"  wide.  In  any  kind  of  gearing,  whether  spur, 
bevel,  or  spiral,  the  smaller  wheel  is  called  the  pinion. 

Calculate  the  pitch  diameters,  addenda,  roots,  and  descri- 
bing circles   by  the  same  rules  that  were  given  for  spur 

gears. 

1  fi  y  1 " 

Diameter  of  pinion  =  -^r-rrrTr  =  5.09" 

t>.141o 

20  X  1" 
Diameter  of  the  large  gear  =    , .  ,  .  ^ , .   =  6.37" 

o.  141o 
6  X  1" 

Diameter  of  describing  circle  =    ,.  .  . .  ^.    =  1.91" 

o.  1410 

Take  this  as  l\^'\  as  in  the  last  Phite. 

Addendum  =  .3";  root  =  A".  The  sectional  view,  Fig.  1, 
must  be  drawn  first.  Draw  /V^'  and  through  some  point  P' 
on  this  line  draw  P  P^  perpendicular  to  it.  Lay  off  PP' 
equal  to  the  diameter  of  the  pinir>n  =  5.09";  also  P'  P^ 
equal  to  the  diameter  of  lar^e  ^a-ar  =  ♦;.37".  Bisect 
PP'  and  P'P^y  and  draw  O  M  and  C^A'  perpendicular  to 
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eul 


those  lines  at  the  point  of  bisection;  they  intersect  in  0. 
O M  and  ON  are  tlie  axes  of  the  two  gears  and  intersect 
at  right  angles  as  required.  Draw  POP^  and  P' 0. 
Through  Pdraw  v^PjI/ perpendicular  to  OP.  Through/" 
draw  M P' N  perpendicular  to  OP'  and  through  /*, 
draw  /"..V  perpendicular  to  0  P^.  /*vJ/and  P'  M  intersect 
at  M  on  the  line  0 M;  P'  N  and  /*,  A' intersect  at  N.  on, 
the  line  ON.  Lay  off  /"  C\  PC,  and  P,  C„  each  equi 
to  a",  or  the  width  of  the  face  of  the  teeth;  these  lines  art' 
called  the  pitch  lines,  and  the  width  of  the  face  of  the 
teeth  is  always  measured  on  these  lines.  Lay  ofl  PA  equal 
to  .3"  =  the  addendum,  and  P B  equal  to  .4"  =  the  root. 
Lay  off  P'  E  and  P'  D  for  the  addendum  and  root  of 
the  other  side,  and  P'  E'  and  P'  D^  for  the  addendum  and 
root  of  the  large  gear.  All  these  addenda  and  roots  are 
each  equal  to  ,3"  and. 4",  respectively.  In  bevel  gears,  all 
straight  lines  of  the  tooth  profiles  pass  through  the  point  of 
intersection  0  of  the  axes ;  hence,  draw  A  O,  and  A  A '  will 
be  the  projection  of  the  top  of  the  tooth.  Draw  BO,  an^i 
B  B'  will  represent  the  bottom  of  the  tooth,  the  line  A'  C . 
being  perpendicular  to  OP.  Make  B F' ,  D F,  D,  F^ 
each  equal  to  J",  according  to  dimensions.  Join  F',  F,  F^ 
and  F^  with  0,  intersecting  the  perpendiculars  through  C,  C 
and  C,  (namely,  the  lines  A'  CB',  etc.  produced)  at  G',  ffj 
G^,  and  C,,  G',  G  and  G,  C,  will  represent  the  bottom 
the  gears.  The  rest  of  the  sectional  part  can  be  dra' 
from  the  dimensions 


ct J 
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144.     To  show  the  shape  of  the  teeth,  proceed  as  foUow« 
For  the  large  gear,  take  A'  as  a  center,  NP'  as  a  radiuu^ 
and  describe  an  arc.     Choose  a  point  H  and  lay  off  H  H% 
=  .48  times  the  pitch  =  .48",  or  the  width  of  the  tooth.! 
With  NE'  and  iVZJ,  as  radii,  describe  the  addendum  andl 
root  circles.     Roll  the  describing  circles  upon  the  arc  whose 
radius  is  N  P'  and  construct  the  tooth  profile  in  exactly  the 
same  manner  as  in  Fig.  4  of  Plate  1013,  (J //and  G, //'being 
the  radii  of  the  faces  and  flanks.     To  show  the  shape  of  tlu 
same  tooth  at  C,  draw  C  N'  perpendicular  to  0P\ 
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what  is  the  same  thing,  parallel  to  N  P\  With  N'  C  2iS2i 
radius  and  A^  as  a  center,  describe  an  arc.  Draw  NH 
and  N  H\  and  the  distance  between  the  points  of  intersec- 
tion on  the  arc  just  drawn,  measured  on  that  arc,  will  be 
the  pitch  of  the  gear  at  the  bottom  of  the  tooth.  With 
the  same  center  and  N'  E^  and  N'  E^  as  radii,  describe  arcs 
representing  the  addendum  and  root  circles.  Draw  N  Q 
and  NQ^,  also  QH  2inA  Q,H\  Through  /ST  draw  KQ 
parallel  to  H  Q^  and  through  K*  draw  K^  (2,  parallel 
to  H*  Q^\  the  points  of  intersection  Q  and  Q^  of  these 
lines  with  NQ  and  N  Q^  are  the  centers  for  the  face  and 
flank  of  the  tooth  at  K  and  K' .  Circles  passing  through 
these  points  concentric  w it hjV  contain  the  centers  of  all  the 
circular  arcs  forming  the  tooth  profiles  that  may  be  laid  off 
upon  the  arc  whose  radius  is  N K,  The  whole  process  is 
called  developing  the  teeth,  of  bevel  gears. 

In  the  same  manner  construct  the  tooth  curves  for  the 
pinion,  using  the  same  describing  circles,  lf§^"  in  diameter, 
and  MP\  M'  C  as  radii,  instead  of  N P'  and  N'  C\ 

145*  To  construct  the  other  view,  draw  first  the  projec- 
tion of  the  pinion.  Draw  the  center  line  ;;/  n.  Produce  the 
lines  i^/'',  DB,  P'  P,  and  ^"^  across  the  drawing,  as  shown. 
Choose  a  point  5  on  mn  as  a  center  and  draw  a  quadrant 
with  a  radius  equal  to  the  radius  of  the  pinion,  as  S  P, 
Project  the  points  D  and  E  upon  M  O  in  D^  and  E^,  With  6' 
as  a  center  and  the  distances  E^  E  and  D^  D  as  radii,  describe 
quadrants  to  represent  the  tops  and  bottoms  of  the  teeth, 
that  is,  the  projection  of  the  addendum  and  root  circles  of 
the  pinion  in  Fig.  2.  Since  the  whole  pinion  contains 
16  teeth,  the  quadrant  will  contain  4  teeth;  hence,  divide 
the  quadrant  into  4  equal  parts  on  the  pitch  circle  to  repre- 
sent the  centers  of  the  teeth.  Lay  off  on  each  side  of  the 
points  of  division  distances  ^^^^  and  gb,  each  equal  to  one- 
half  the  thickness  of  the  tooth.  On  each  side  of  the  points 
of  division  on  the  addendum  circle  lay  off  ///  and  hc^  each 
equal  to  one-half  the  thickness  of  the  top  of  the  tooth /A", 
Fig.  1,  measured  on  the  addendum  circle.     On  each  side  of 


190  MECHANICAL   DRAWING  g  1*  | 

the  points  of  division  on  the  root  circle  lay  off  id an6  ta, 
each  equal  to  one-half  the  thickness  of  the  tooth  at  the  root, 
SS  0  P,  Fig.  1,  measured  on  the  root  circle.  Having  now 
three  points  on  each  side  of  all  the  teeth  to  the  right  of  the  ] 
ceoter  liae  iwm,  project  them  upoa  ttw  liuen  MA,  t"i\ 
and  DB,  produced  as  shown.  For  example,  project  y'aud  e 
ttpoQ£.i4  in/'  andf*;  ^andJuponP'/'isr'  and^;  dandm 
apcoi  DBiad'  and  a*.  Drav  a  curve  throagh  tbew  pc»nt% 
either  by  using  an  irregular  carve  or  'by  circular  arc& 
This  remark  also  api^ies  to  the  other  curves  shown  in  ths 
quadrant. 

146.  The  tooth  curves  in  Fig.  1  must  be  drawn  aa  accit* 
rately  as  possible,  but  those  shown  in  Fig.  8,  being  oblique 
projections,  are  drawn  f6r,saXikfy  the  eye^  and  no  partlcidar 
accuracy  is  required:  Ta,^nd  the'  pqiQts  on  tiie  tooth 
curves  at  the  bottom  of  the  pinion,  describe  a  circle  having 
a  center  O^  upon  m  M,  which  shall  be  tangent  to  PP"  and 
have  a  diameter  equal  to.6.8Z'.'i=^  ihfc.diaineter  of  the  large 
gear.  Through  B'  and  A',  Pig.  1,  draw  lines  paraHd 
to  00,;  also  draw  other  lines  through  O,  and  the  points  d', 
/',  c',  etc.,  cutting  the  lines  first  drawn  in  d",/",  c",  etc. 
Two  points  are  considered  enough  in  this  case,  as  the  curves 
are  very  short.  They  may  be  drawn  in  with  the  irregular 
curve  in  the  same  manner  as  the  tops.  The  other  teeth  are 
drawn  in  a  similar  manner.  Draw  the  middle  tooth  first. 
The  left-hand  half  of  the  pinion  is  exactly  the  same  as  the 
right-hand  half. 

147.  To  draw  the  projection  of  the  large  gear,  project 
the  point:;  £',  D^,  L,  and  R  upon  the  axis  O N,  \r  the 
points  i:„  /?„  Z.„  and  R^,  and  with  O,  as  a  center  and  radii 
equal  to  E,E',  D,D^,  L^L,  and  R,R,  describe  circles  to 
represent  the  addendum  and  root  circles  of  the  tops  and  bot* 
toms  of  the  teeth  in  Fig.  S.  Divide  the  pitch  circle  into 
SO  equal  parts,  to  correspond  with  the  number  of  teeth  in 
the  large  gear,  beginning  with  the  point  of  intersection  of 
the  pitch  circle  with  the  center  line  m  ».     Lay  oS  on  each 
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side  of  these  pitch-circle  divisions,  distances  equal  to  one- 
half  the  thickness  of  the  teeth  =  one-half  of  HH'  in  Fig.  1. 
By  exactly  the  same  method  that  was  used  to  lay  off  the 
thickness  of  the  teeth  at  the  top  and  bottom  on  the  quad- 
rant, lay  off  the  thickness  of  the  top  and  bottom  of  the 
teeth  on  the  addendum  and  root  circles  in  Fig.  0.  Draw 
the  bottoms  of  the  teeth  in  exactly  the  same  manner  as  the 
bottoms  of  the  pinion  teeth  were  drawn.  All  the  teeth  of 
the  large  gear  are  alike  in  the  projected  view. 

148.  Bevel  gears  are  always  measured  according  to  their 
largest  pitch  diameter,  as  PP*  and  P^  Py  If  a  bevel  gear 
were  spoken  of  as  12"  in  diameter,  it  would  be  understood 
that  the  largest  pitch  diameter  was  12". 


PLATE   IOI69  TlTlcB : 

DRIVING  PUIiliBY,  FIiTWHKBIIi,  AND   CRANK- 

SHAPT 

149.  A  steam  engine  has  been  chosen  as  a  final  example 
for  this  paper.  The  design  is  one  that  will  give  a  great 
deal  of  practice  in  laying  out  various  mechanical  details  and 
in  making  an  assembly  (Plate  1021)  from  the  details  found 
on  Plates  1016,  1017,  1018,  1019,  and  1020,  which  together 
form  the  complete  drawings  for  this  engine.  On  the  various 
plates,  the  parts  have  been  grouped  so  as  to  show  their 
general  relationship  to  each  other.  The  scale  used  is,  with 
some  few  exceptions,  3"  =  1  ft. 

150.  Of  the  parts  shown  on  Plate  1016,  the  pulley  and 
flywheel  should  easily  be  constructed  without  any  addi- 
tional explanation,  by  simply  followinj^^  the  instructions 
given  in  connection  with  Plate  1005.  Locate  their  hori- 
zontal center  lines  4-^/'  below  the  upper  border  line  and  the 
vertical  center  lines  of  the  two  views  of  j)art  i,  4|j"  and  7", 
respectively,  from  the  left-hand  border  line.  The  vertical 
center  lines  of  part  2  should  be  4  J"  and  IJ",  respectively, 
from  the  right-hand  border  line. 


Part  5  is  a  forged-steel  crank-shaft.  on  one  end  of  which 
is  to  be  mounted  the  driving  pulley  and  on  the  other  end 
the  flywheel,  both  held  in  position  by  keys  partly  sunk  into 
the  shaft  and  partly  into  the  hubs.  The  crank-shaft  con- 
sists of  the  shaft  proper  and  of  two  arms  projecting  at  right 
angles,  called  the  Ttn-lis,  which  are  connected  by  a  short  stud- 
like part,  the  crankpin.  The  vertical  center  line  of  the  fly- 
wheel is  llf"  (see  Plate  lOlli)  from  that  of  the  crankpin,  the 
latter  center  being  coincident  with  that  of  the  cylinder  and 
connecting  rod,  while  the  center  line  of  the  driving  pulley 
is  IIJ"  to  the  other  side  of  the  crankpin  center.  It  should 
be  noticed  that  on  the  Plate  the  abbreviation  ^  has  been 
used  for  the  term  center  line. 

After  the  flywheel  and  driving  pulley  have  been  mounted 
on  the  shaft,  the  latter  js  placed  in  the  bearings  of  the 
engine  frame.  The  centers  of  these  bearings  are  indicated 
as  being  5J"  to  either  side  of  the  crankpin  center.  It  will 
be  noticed  that  the  two  keywajs  are  Hot  alike,  the  one  for 
the  driving  pulley  being  cut  clear  to  the  end,  while  the  one 
for  the  flywheel  stops  a  short  distance  from  the  end.  The 
stroke  of  the  engine  is  determined  by  the  distance  between 
the  horizontal  center  line  of  the  crankpin  and  that  of  t 
shaft.  This  distance  is  here  4"  and  the  stroke  will  therefol 
be  4"  X  a  =  8". 

The  shaft   is  2^"  in  diameter;  the  web  is  2J"  wide  by 
IJ"  thick  and  rounded  off  to  a  radius  of  6J".     Locate  the 
center  line  of  shaft  3"  above  the  lower  border  line,  and  the 
I  vertical  center  line  through  the  crank  and  end  view  of  g 
f '4fj"  and  9J",  respectively,  from  the  left-hand  border  UtM 
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PLATE   1017,  TITLE; 
ENGINE  FRAME 

151,  On  this  Plate  are  shown  a  plan,  a  side  elevation, 
an  end  view,  two  cross -sect  ions,  and  some  details  of  the 
engine  frame,  all  drawn  to  a  scale  of  3"  =  1  ft.  The  ele- 
I  and  plan  are  to  be  drawn  together.  Locate  the 
senter  lines  of  these  two  views  2J"  and  CJ",  respectively, 
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below  the  tipper  border  line  and  extend  them  the  whole 
length  of  the  Plate,  as  they  are  also  to  serve  for  the  end 
views.  The  vertical  center  line,  which  in  both  views  passes 
through  the  center  of 
crank-shaft,  should 
be  21"  from  the  right- 
hand  border  line. 
Locate  the  main 
horizontal  d  i  m  e  n  - 
sions  from  this  center 
line.  Draw  the  base 
line  of  the  elevation 
9"  (to  scale)  below 
the  center  of  the  / 
crank-shaft  and  make 
the  base  of  the  pedes- 
tal at  crank-shaft  end 
of  frame  11  J"  long 
and  15}"  wide.  The  \_ 
position  of  the  center 
line  of  the  base  at  the 
cylinder  end  is  found 
by  laying  off  :5  ft.  3J" 
(the  distance  between 
shaft  center  and  cyl- 
inder end  of  frame) 
and  then  measuring 
back  8";  the  base  at 
this  end  is  14"  long 
by  9i"  wide. 

The  two  cross-sec- 
tions, one  of  which  is  n 
taken  at  ^1  A  and 
the  other  at  I>  B,  indicate  the  shape  of  the  frame,  showing 
that  the  latter,  on  the  whole,  i.^  cylindrical.  The  elevation 
shows  that  the  lower  part  of  the  frame  curves  downwards 
before  joining  the  base  under  the  crank-sliaft.  The  form 
of  this  curve  as  it  appears  in  the  elevation  is  determined  by 
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locating  a  number  of  points  from  the  vertical  and  horizontal 
center  lines  and  base  line,  as  shown  by  the  dimensions  on 
the  drawing.     The  points  are  then  joined  by   lines  drawn 
with  the  irregular  curve.     Before  joining  this  curve  to  the 
cylindrical  part  of  the  frame,  draw  first  the  bead-like  rib 
seen  at  this  end,  indicated  by  a  circle  }"  in  diameter  (see 
section   on  B B)    and   draw   the   curve   tangential   to   this  , 
circle.     The  pedestal  is  pyramidal  in  shape,  as  seen  in  the  I 
elevation,   with   a   semicircular   opening   in   the  top.       Toi 
show   this  opening   properly  in  the  plan   view,  the  spectaVl 
construction    shown    in    Fig.    53    is     required,    in    which  f 
the    lower    view    represents    the    end    of     the    frame 
elevation.     The  semicircle,  fif"   in   diameter,  representing  I 
the  lower  part  of  the  opening,  is  supposed    to   have    beea  I 
turned  at  right  angles  about  its  vertical  radius  so  as  to  lial 
in  the  plane  of  the  paper.     Only  a  quarter  circle  has  heeaj 
shown — the  other  part  beingsymmetrical  to  it — and  thishasl 
been  divided  into  8  equal  parts,  as  shown  at  a  b,  bc,cti,  etc.  T 
From  these  division  points,  projectors  are  drawn  at  rightl 
angles  to  side  of  frame,  as  indicated  by  lines  a  a,,  lib^,  rc^,  etc.  ~ 

A  plan  view  of  the  opening  is  now  to  be  drawn  above  the 
elevation  by  first  drawing  the  semicircle  a,  i^a,,  representing 
a  plan  of  the  opening,  and  dividing  it  in  16  parts,  since  the 
whole  semicircle  is  shown  here.  Draw  horizontals  from  the 
points  a„  b„  ^,,-etc.,  letting  them  intersect  verticals  from 
the  points  a„  ^„  r,,  etc.,  the  points  of  intersection  being 
points  on  the  curve,  as  shown  at  a„  6„  c„  etc.  Draw 
horizontals  through  the  two  points  a,  toward  the  center 
line,  when  the  lines  i(j,  and  /<?,  will  indicate  the  outline  of 
the  opening  as  it  will  appear  in  the  plan  view.  Verticals 
have  been  shown  as  only  intersecting  the  horizontals  from 
the  lower  half  of  the  semicircle,  but  it  is  understood  that 
they  should  be  continued  so  as  also  to  intersect  those  in  the 
upper  half,  this  part  of  the  view  being  symmetrical  to  the 
lower  half. 

152,  "rtie  face  of  the  crank-shaft  bearing  is  inclined  at 
an  angle  of  45°  with  the  horizontal,  and  has  two  }"  studs 
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tapped  into  the  frame  for  each  cap.  The  lower  half  of 
the  bearing  and  the  cap  are  each  lined  with  Babbitt  |"  thick. 
For  aid  in  drawing  these  bearings  in  the  plan  view,  the 
student  should  refer  to  Fig.  53.     The  method  employeo  is 


identical  with  that  used  in  Fig.  5-2,  and  for  this  reason  it  was 
not  thought  necessary  to  supply  it  with  rL-ferencu  letters  or 
to  enter  into  any  detailed  description  of  same.  The  dimen- 
sions of  the  plan  vieiv  im^  shown  in  nmnection  with  the 
main  elevation  in  I'ig.  .lU,  are  (lerivc<l  fmm  the  plan  view  of 
the  cap,  part;?,  ihe  outlines  being  identical  for  both  parts. 
The  outlines  of  the  stud  holes  ami  the  curved  parts  of  the 
frame  adjoining  same  are  divided  iritu  a  certain  number  of 
parts,  not  necessarily  as  many  as  an:  indicated  in  the  illustra- 
tion, and  these  p'liiUs  are  prnjcctc'd  tn  ilu-  main  elevation. 
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Another  plan  view  bb,  located  as  shown,  is  subdivided 
in  a  similar  manner,  and  from  the  points  of  division,  hori- 
zontals are  drawn  intersecting  vertical  lines  drawn  from  the 
elevation  at  the  points  indicated.  When  these  points  are 
joined  by  circular  arcs,  the  centers  of  which  must  be  found 
by  trial,  the  true  outlines  of  frame  and  holes  will  be  found, 
'  and  as  tbey  will  appear  in  the  plan. 


153.  The  walls  of  the  frame  are  J"  thick  and  ha' 
raised  surface  that  is  bored  for  the  crosshead  slide,  as  ini 
cated  in  the  cross-section,  and  by  means  of  dotted  lines  in 
the  plan  view  ami  elevation.  These  surfaces  are  12^^"  long 
and  bored  to  a  diameter  of  61",  the  centers  of  the  surfaces 
\  being  15^'  from  the  cylinder  face.  There  is  at  the  center 
'  of  the  upper  surface  a  grease  or  oil  receptacle  through 
which  the  crosshead  is  oiled.  Near  the  middle  of  the  open- 
ing in  the  side  of  the  franae  will  be  seen  the  four  bosses  that 
support  the  valve-stem  guide  by  means  of  four  i"  hexagon- 
head  bolts,  part  7.      '  ' 

The  boss  on  the  cylinder  fend  of  the  frame  projects  into 
the  center  bore  of  the  cylinder,  but  an  actual  fit  is  only  had 
along  the  small  shoulder  ^'  high.  The  cylinder  is  held  in 
position  by  the  seven  studs,  part  5,  which  are  tapped  into 
the  frame  end.  In  the  end  view,  shown  to  the  left  of  the 
plan  view,  the  plan  of  drilling  and  tapping  for  these  studs 
is  indicated,  from  which  it  is  seen  that  all  the  studs  are  not 
equally  spaced.  Locate  the  vertical  center  line  of  this  view 
IJ-I"  from  the  left-hand  border  line.  Next  draw  the  cross- 
section  taken  on  line  A  A  oi  the  elevation,  with  its  center 
line  a^\"  from  the  left-hand  border  line.  This  section  is 
intended  to  represent  the  right-hand  part  of  the  elevation, 
but  most  of  the  parts  beyond  the  plan  of  section  have  been 
omitted  to  avoid  any  superfluity  of  lines.  Two  of  the  bosses 
that  support  the  valve-stem  guide  are  also  seen  in  this  view, 
Below  and  on  the  same  center  line  the  other  sectional 
'  view  is  to  be  shown.  The  outlines  of  this  section  are  cir- 
cular arcs,  the  exterior  one  having  a  radius  of  4".  Locate 
its  center  2J"  above  the  lower  border  line.     To  define  the 
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height  of  this  section  draw  a  horizontal  line  at  a  distance 
above  its  lowest  point  equal  to  the  height  of  the  frame  along 
the  line  B  B  (this  distance  should  be  measured  on  the  draw- 
ing) in  the  elevation.  B  B  should  cut  all  four  curves  at  as 
nearly  right  angles  as  is  possible.  The  frame  is  |"  thick  at 
this  place  and  a  circular  arc  with  a  radius  of  3f "  is  therefore 
drawn  concentric  to  the  former  arc.  Tangential  to  this 
inner  arc  and  to  the  horizontal,  top,  boundary  line,  draw  two 
circles  with  a  radius  of  |";  draw  fillets  between  these  cir- 
cles and  the  outside  arc. 

154.  Next  draw  the  bearing  cap,  part  ^,  shown  in  plan 
and  elevation,  with  the  grease  cup,  the  top  of  which  makes 
an  angle  of  45°  with  the  horizontal  and  whose  sides  are  out- 
lined .by  a  curve  with  IJ"  radius.  The  reason  for  this 
inclination  is  the  necessity  of  having  the  upper  edge  of  cup 
horizontal  when  the  cap  is  in  position  on  the  frame. 

Part  3  is  the  gland  that  fits  about  the  piston  rod  and 
holds  the  piston-rod  packing  in  place  in  the  stuffingbox. 
The  latter  is  made  by  recessing  the  inside  of  the  frame,  as 
indicated  by  dotted  lines  at  the  cylinder  end  of  the  frame. 
The  position  and  shape  of  this  recess  are  shown  by  the 
dotted  lines.  Two  ^"  studs,  part  4,  which  are  tapped  into 
the  frame  at//',  support  the  gland. 


PU^TB    1018,    TITLE: 

VALVE    GEAR 

155.  The  cross-section  assembly  in  the  upper  part  of 
this  Plate  shows  the  relation  and  connection  between  valve, 
guide,  slide,  eccentric  rod,  eccentric  strap,  and  eccentric 
sheave,  all  these  parts  being  detailed  elsewhere  on  the 
drawing.  All  the  parts  are  drawn  half  size,  except  part  5, 
drawn  full  size,  and  all  are  provided  with  reference  numbers 
corresponding  with  those  on  the  assembly.  Draw  the 
details  first,  then  the  cross-section  assembly. 

64—19 


156.  Part  1,  the  valve,  is  made  of  cast  iron  from  pat- 
tern 1018-A.  It  is  a  cup-shaped  device,  through  the  top  of 
which  the  valve  rod,  part  11,  passes.  Its  position  in  the 
steam  chest  regulates  the  eolrance  of  the  steam  through 
the  ports  that  connect  wiih  the  ends  of  the  cylinder  and 
permits  also  the  exhaust  steam  to  pass  from  these  ports 
into  the  exhaust  port,  which  connects  with  the  exhaust 
pipe. 

Locate  the  horizontal  center  line  of  the  valve-rod  boss 
3^"  (actual  measurement)  below  the  upper  border  line,  and 
the  vertical  center  lines  of  the  two  views  8"  and  4^", 
respectively,  from  the  left-hand  border  line.  The  lefthand 
view  is  a  side  elevation  and  the  other  an  end  view.  On  top 
of  the  boss  is  seen  a  rib-like  projection;  this  slides  on  a  cor- 
responding rib  on  the  steam-chest  cover,  which  serves  tp 
hold  the  valve  in  place. 


157.  Part  Z,  the  valve-stem  slide,  is  supported  by  partSi 
and  4  which,  in  turn,  are  bolted  to  the  engine  frame 
through  the  four  holes  in  the  bosses  shown  in  the  center  of 
the  opening  in  the  elevation  of  the  frame,  Plate  1017.  The 
slide  is  square  shaped,  with  a  stud  at  its  center  to  which  the 
eccentric  rod  is  connected.  Draw  the  horizontal  center  line 
for  the  two  views  at  a  distance  of  6J"  (full  size)  below  the 
upper  border  line  and  the 
vertical  center  linee  31^" 
and  'ij^",  from  the  left- 
hand  border  line. 
Parts  3  and  4 
two  halves  of  the  valvi 
stem  guide,  the  exact 
sh:ipe  of  which  is  some- 
what difficult  to  under- 
stand from  the  drawings 
I'"-  M  alone.     As  an  aid  in  gain- 

ing a  clear  conception  of  this  part,  the  perspective  view. 
Fig.  M,  has  been  added.  The  junction  of  the  parts  is 
found  along  the  center  line  common  to  the  plan  view  and 
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adjoining  end  view,  part  of  each  of  the  four  bosses  belonging 
to  the  front  and  part  to  the  rear  of  the  guide.  The  front  of 
the  guide  has  a  rectangular  opening  IJ"  X  3^".  Locate  the 
horizontal  center  Hnes  pf  the  two  upper  views  5^"  and  that 
of  the  lower  view  3J"  above  the  lower  border  line.  Draw 
the  vertical  center  Hnes  2J"  and  5|",  respectively,  from  the 
left-hand  border  line. 

168.  Part  6  is  the  clamping  nut  that  locks  the  eccentric 
rod  to  the  eccentric  strap,  part  9.  Locate  the  two  views  on 
the  same  center  line  as  the  lower  view  of  part  J^  and  leave  a 
space  between  the  three  views  of  \"  and  {"  (full  size), 
respectively.  It  is  noticed  that  the  hole  in  the  nut  is 
threaded  only  up  to  a  distance  of  |"  from  the  outer  end, 
this  part  being  enlarged  in  diameter.  According  to  a  rule 
previously  given,  threads  are  to  be  omitted  on  tapped 
holes  shown  in  elevation  by  means  of  dotted  lines.  Con- 
trary to  this  rule  threads  have  been  added  to  some 
of  the  holes  indicated  on  this  Plate,  as,  for  instance, 
on  part  6.  Here  the  addition  of  threads  brings  out 
more  clearly  the  fact  that  this  hole  is  not  threaded  along 
its  whole  length. 

Parts  8  and  7  are  the  eccentric  rod  and  strap,  the 
threaded  end  of  part  6  being  screwed  into  part  9,  while 
the  other  end,  together  with  part  7,  is  clamped  about 
the  stud  on  part  S.  The  bolts,  part  15,  pass  through  the 
strap  and  screw  into  the  threaded  holes  in  the  rod. 
Locate  the  horizontal  center  line  l-^"  (full  size)  above 
the  lower  border  line  and  leave  a  space  of  -f^"  between 
the  first  view  and  left-hand  border  line,  and  spaces 
of  Ji"  and  J"  between  the  first,  second,  and  third  views; 
make  the  latter  4J"  long  and  leave  a  space  between  this 
and  the  fourth  view  of  ^". 

150.  Part  8  is  the  eccentric  sheave,  which  is  fastened  to 
the  crank-shaft  by  means  of  the  two  setscrews  17  that  pass 
through  the  tapped  holes  indicated.  Its  center  is  -J"  to  one 
side  of  the  shaft  center,  this  distance  determining  the  throw 


of  the  eccentric  and  the  travel  of  the  valve.  Draw  the 
horizontal  center  line  H-^"  above  the  lower  border  line 
and  the  vertical  center  line  of  the  elevation  7^"  from  the 
right-hand  border  line,  leaving  a  space  of  ^"  between 
the  two  views  of  this  part. 

Parts  9  and  10  are  the  halves  of  the  eccentric  strap  which 
embraces  the  revolving  eccentric  sheave.  They  are  pre- 
vented from  sliding  sidewise  by  the  engagement  of  the  cen- 
tral rib  on  the  sheave  with  a  corresponding  groove  in  the 
strap.  Two  bolts  16  are  inserted  through  holes  in  the  latter 
and  hold  the  halves  together  by  means  of  nuts  and  check- 
nuts.  The  lines  of  intersection  between  the  oil  cup  and 
strap,  as  shown  in  elevation,  are  indicated  by  two  curves, 
the  radii  of  which  have  not  been  indicated,  as  it  will  suffice 
if  the  student  draw  them  approximately.  The  same  remark 
applies  to  the  intersections  shown  in  the  end  view.  The 
sectional  view  shownibelow  the  elevation  is  a  section  taken 
along  the  horizontal  center  line.  Locate  it  and  also  the 
center  line  of  the  sectional  view  5^^"  and  S^f",  respectively, 
below  the  upper  border  line  and  lay  off  the  vertical  center 
lines  6y°j"  and  2|",  respectively,  from  the  right-hand  bordt 
line. 


ItiO.  The  valve  rod,  part  11,  is  shown  in  position  in  tl 
sectional  assembly  and  is  detailed  in  the  upper  part  of  the 
Plate.  It  has  two  long  threaded  portions,  one  at  each  end, 
on  which  the  nuts  IS,  li  and  check-nuts  JS  are  screwed, 
whereby  the  valve  and  slide  may  be  secured  to  the  rod  and 
the  distance  between  the  valve  and  slide  adjusted.  When 
drawing  part  11,  locate  its  center  line  j"  below  the  upper 
border  line,  its  right-hand  end  f|"  from  the  adjacent  border 
line,  and  make  the  rod  6f"  long  (actual  measurement). 
The  distance  from  end  to  end  of  the  threaded  portion  should 
bell". 

In  drawing  the  assembly,  lay  off  the  center  line  of  the 
valve  rod  l^V  below  the  upper  border  line  and  the  verti< 
center  lines  of  the   valve,  slide,  and  shaft  3",  7",  and  h 
respectively,  from  the  left-hand  border  line. 
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PI,ATE    1019,  TnXE: 
PISTON,    CROSSilEAD,  AND    CONNECTING-ROD 

161.     In  the  sectional  assembly,  Fig.  55,  is  seen  the  pis- 

(BifT-fn       I       .  r  I  Ti  '°"  '•  "^hich  is  given  a  recip- 

^J  !  1 1  "^ ,       I  [     It  rocating  motion  in  the  steam 

cylinder  by  the  steam  acting 
alternately  on  either  side  of 
it.  Its  motion  is  conveyed 
by  the  piston  rod  i  to  the 
crosshead  5,  the  latter  con- 
taining in  its  interior  one  end 
of  the  connecting-rod  IS 
swinging  around  a  pin  8, 
while  the  other  end  has  a 
bearing  H  that  embraces  the 
crankpin.  In  this  manner 
the  force  acting  on  the  piston 
is'  transmitted  to  the  crank- 
pin,  where  the  reciprocating 
'f-  motion  of  the  piston  is 
J  changed  into  a  rotary  one. 
All  the  views  on  this  Plate 
.'ire  drawn  half  size,  except 
Uiose  of  parts  5,  i.  6,  8,  and  9, 


which  a 


s  drawn  full  s 
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162.  The  piston,  part  1 
(see  detail  numbered  1)  is 
made  of  cast  iron  and  is  pro- 
vided on  its  outer  edge  with 
a  groove  for  the  piston  ring, 
and  with  a  central  hole  for 
the  piston  rod.  The  hole  is 
compo.sed  of  a  straight  and  a 
tapered  part,  the  straight 
part  extending  to  a  point 
■A"     from    one     end.      The 
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diameter  of  the  hole  varies  from  J"  to  \^",  the  latter  dimen- 
sion applying  to  a  point  ^"  from  end  of  hole  at  which 
place  the  hole  is  countersunk,  enlarging  the  diameter  to  1". 
Locate  the  horizontal  center  line  of  the  two  views,  2"  from 
the  upper  border  line,  and  the  vertical  center  line  l\y  from 
the  left-hand  border  line,  leaving  a  space  of  ^"  between  the 
two  views. 

163.  The  piston  ring,  part  2,  fits  in  the  groove  around 
the  outside  of  the  piston;  it  provides  a  steam-tight  fit 
between  the  piston  and  the  cylinder  walls,  and  is  for  this 
reason  made  expansible  by  leaving  an  opening  of  J{" 
between  its  ends.  It  will  be  noticed  that  the  ring  is  larger 
in  diameter  than  the  inside  one  of  the  cylinder;  but  when 
sprung  into  place  in  the  cylinder  it  will  adjust  itself  to  the 
cylinder  bore  and  the  two  ends  will  approach  each  other, 
until  they  nearly  touch.  The  horizontal  center  line  of  the 
two  views  may  be  drawn  6^"  from  the  upper  border  line,  and 
the  vertical  center  line  of  the  elevation  placed  lfj"from  the 
left-hand  border  line;  a  space  of  ^"  is  left  between  these 
views. 

The  crown  nut,  part  3,  fits  the  end  of  the  piston  rod  and 
fastens  the  piston  securely  to  the  latter.  To  prevent  an 
accidental  turning  of  the  nut,  it  is  provided  with  a  series  of 
grooves  into  which  fits  a  pin,  which  also  passes  through  a 
hole  in  end  of  piston  rod.  The  horizontal  center  line  of 
these  views  is  placed  2fi"  from  lower  border  line,  and  tb^^ 
vertical  one  of  the  elevation  5"  from  the  left-hand  bon^^f 
line,  leaving  a  space  of  |"  between  the  views.  ^H 

164.  The  piston  rod,  part  4,  is  tapered  at  both  ends, 
one  to  fit  the  piston  and  the  other  the  crosshead.  When 
the  dimension  of  one  end  of  a  tapered  piece  is  given,  together 
with  its  length,  the  dimension  of  the  other  end  may  be 
found  either  by  calculation  or  by  construction.  In  the  first 
case  it  is  found  by  means  of  proportion.  For  instance:  the 
taper  at  one  end  of  the  rod  is  1  in  16,  the  full  diameter  of 
the   rod   1",  and   the  length   of   the  tapered  portion  3^". 
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The  proportion  1  :  16  =  j- ;  3J"  gives  a  value  for  J^  of  .1406; 

by  subtracting  this  value  from  l"it  is  found  that  the  extreme 
end  of  the  rod  should  be  1"  -  .1406"  =  .8594"  =  .8594 
X  H  =  H"  '"  diameter. 

If  this  diameter  is  found  by  construction,  proceed  as  fol- 
lows: A  taper  of  1  in  16  is,  of  course,  equal  to  -f^  in  1. 
Multiply  the  fraction  expressing  the  increase  or  decrease 
in  1"  by  some  convenient  length,  preferably  by  some  number 
that  will  divide  the  denominaloi  without  a  remainder,  in 
this  case,  by  4,  obtaining  ,V  x  4  =  i" ;  this  represents 
the  difference  in  the  diameters  4"  apart.  Hence,  4"  from 
■where  the  taper  begins  draw  a  line  at  right  angles  to  the 
center  line  and  lay  off  on  it  on  either  side  of  the  center  line 
i"  —  (t"  -5-  2)  =  I".  Join  the  points  as  laid  off  with  the 
extremities  of  the  line  defining  the  beginning  of  the  taper 
by  straight  lines,  and  measure  back  from  this  line  the  length 
of  the  tapered  part  2^",  drawing  through  this  point  a  line 
perpendicular  to  the  center  line.  At  the  other  end  of  the 
rod  the  diameter  is  J",  and  the  taper  is  1  in  13.  This  end 
is  to  fit  the  hole  in  the  piston,  part  1,  and  as  the  diameters 
and  length  of  the  hole  is  given  in  the  views  of  the  piston, 
the  tapered  part  of  the  piston  rod  may  be  drawn  by  means 
of  these  dimensions. 

Locate  the  center  line  of  the  rod  1"  above  the  lower 
border  line;  leave  a  space  of  J"  between  the  rod  and  the 
left-hand  border  line  and  make  the  rod  8"  long. 

165,  The  crosshead,  part  S,  is  fitted  to  the  piston  rod 
by  the  tapered  key,  part  6,  which  is  driven  through  it  and 
the  piston  rod,  the  hole  in  the  piston  rod  being  indicated  by 
dotted  lines  at  the  right-hand  end,  part  i.  The  crosshead 
receives  the  end  of  the  connecting-rod,  which  is  kept  in 
place  by  the  crosshead  pin,  part  S.  The  upper  and  lower 
interior  surfaces  of  the  crosshead  taper  toward  the  closed 
end,  while  the  vertical  sides  are  parallel  and  provided  inside 
and  outside  with  bosses  around  the  holes  for  the  pin.  On 
top  and  bottom  of  the  head,  holes  are  tapped  for  the  i 
that  bold  the  wearing  strips,  part  7,  in  place.     Lay  off  the 
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center  line  for  the  elevation  and  end  view  1|",  and  that 
the  sectional  plan  4^"  below  the  upper  border  line.     Let  the 
vertical  center  line  of  the  two  left-hand  views  be  7^"  from 
the  left-hand  border   line,  and  place  the   remamiag   vici 
fj"  to  the  right  of  the  elevation. 

166.  The  connecting-rod,  part  J3,  is  shown  broken, 
size  of  the  Plate  not  permitting  it  to  be  drawn  full  length. 
The  method  employed  in  laying  off  the  correct  taper  of  the 
remaining  parts  is  similar  to  that  explained  in  i\rt.  164a 
The  places  where  the  tapered  portion  of  the  rod  begins  and 
ends  are  found  by  drawing  verticals  through  the  centers  of 
the  fillets  at  either  end,  which  are  struck  with  a  radius  of  J"; 
the  points  of  intersection  between  the  verticals  and  the  fillet 
arcs  are  the  initial  points  of  the  tapered  part.  It  is  found 
by  calculation  that  the  total  length  of  the  tapered  part  is 
16-^".  Knowing  this  length  and  the  diameter  at  either  end 
of  this  part  the  student  should  be  able  to  construct  the 
taper. 

One  end  of  the  connecting-rod  receives  the  bearia] 
parts  JO  and  7i,  which  fit  over  the  croashead  pin,  part 
The  other  end  of  the  rod  is  attached  to  bearings  H,  for  tin 
crankpin.  The  bearing,  parts  10  and  11,  is  prevented  from 
moving  sidewise  along  the  crosshead  pin,  because  its  width 
is  just  equal  to  the  distance  between  the  inside  surfaces  of 
the  bosses  on  crosshead.  The  two  parts  of  the  bearing  are 
forced  toward  the  pin  by  means  of  the  wedge,  part  IS, 
which  may  be  raised  or  lowered  by  turning  the  adjusting 
screws,  part  17,  in  the  proper  direction,  Notice  that  the 
holes  through  which  these  screws  pass  are  countersunk 
about  ^"  for  the  screw  heads;  hence  ths  two  slight  curva 
in  the  outer  line  defining  the  outline  of  the  small  end  of 
rod  in  the  elevation.  Draw  the  horizontal  center  line  of 
elevation  and  end  view  0^"  and  of  the  bottom  view  7^' 
below  the  upper  border  line.  The  vertir.d  center  line  cor- 
responding lo  the  center  of  the  crosshead  pin  is  flj"  and  the 
one  through  the  end  view  is  3^^"  from  the  right-hand 
der  line. 


1 
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167*  Next  draw  the  crosshead  pin,  part  <9,  with  its  cen- 
ter line  5J"  from  the  right-hand  border  line  and  its  top  4^" 
above  the  lower  border  line.  Also  the  nut,  part  P,  that 
screws  on  its  lower  end  and  locks  the  pin  to  the  crosshead. 
Draw  the  center  line  for  the  nut  3J"  above  lower  border  line 
and  locate  the  center  line  of  the  elevation  8|"  from  the 
right-hand  border  line;  a  space  of  y  is  left  between  the  two 
views.     Both  of  these  views  are  drawn  full  size. 

Draw  the  bearings,  parts  10  and  11^  and  also  the  wedge, 
part  12,  The  center  line  of  the  first  two  views  should  be 
If"  below  the  upper  border  line,  and  that  of  the  right-hand 
view  ^\^"  from  the  right-hand  border  line,  leaving  a  space 
of  yV'  between  the  two  views.  In  locating  the  views  of  the 
wedge,  leave  a  space  of  4 J"  between  them  and  the  right- 
hand  border  line.  The  top  line  of  the  upper  view  should  be 
2J"  below  the  upper  border  line  and  a  space  of  \"  left 
between  the  two  views. 

168.  The  halves  of  the  bearing  for  the  crankpin,  part  i^, 
are  symmetrical  and  only  one  of  them  need  be  shown. 
Locate  the  center  line  of  the  two  upper  views  Iff-"  below 
the  upper  border  line  and  the  vertical  center  line  of  the 
right-hand  view  |"  from  the  right-hand  border  line;  leave  a 
space  of  \\"  between  the  views.  The  center  line  of  the 
lower  view  should  be  4"  below  the  upper  border  line. 

Draw  the  connecting-rod  strap,  part  15.  The  bolts, 
part  18,  pass  through  this  strap  and  the  connecting-rod, 
holding  the  bearings,  part  H,  in  position  and  clamping  them 
to  the  crankpin.  Draw  the  center  line  of  the  strap  6"  below 
the  upper  border  line  and  locate  the  views  1^"  and  ^", 
respectively,  from  the  right-hand  border  line. 

169.  Part  7,  the  wearing  strip  mentioned  above,  is 
somewhat  peculiar  in  form  and  the  three  views  should  be 
studied  carefully  in  order  to  obtain  a  clear  idea  of  its  true 
shape.  Place  the  center  line  of  the  upper  views  4|''  above 
the  lower  border  line  and  let  the  vertical  center  line  of  the 
plan  be  1|"  from  the  left-hand  border  line;  leave  a  space  of 
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J"  between  the  two  views.     Place  the  third  view  \"  below 
the  plan  view. 

In  drawing  the  remaining  detail,  part  6,  locate  the  upper 
side  of  the  elevation  6fJ"  below  the  upper  border  line. 
Leave  a  space  of  4-|"  between  the  left-hand  border  line  and 
the  view  next  to  same,  and  a  space  of  |"  between  the  views 
themselves.  The  end  view  may  be  placed  |"  below  the 
others.  The  taper  can  be  laid  off  directly  from  the  dimen- 
sions; if,  however,  one  of  the  dimensions,  say  the  one 
marked  {^"  had  been  omitted,  the  extreme  left-hand  vertical 
line  would  be  drawn  first,  next  the  line  whose  dimension  is 
marked  1  ^"  laid  off,  and  a  perpendicular  drawn  downwards 
through  its  right-hand  extremity,  then  the  length  of  the 
lower  side  may  be  found  in  the  following  manner:  A  taper 
of  1  in  8  is  equal  to  ^"  in  3";  hence,  lay  off  2"  downwards 
on  the  perpendicular  last  drawn,  draw  a  horizontal  line 
through  point  just  laid  off,  and  measure  off  to  the  left  of 
this  point  }";  the  point  so  determined  ia  the  other  extreme 
point  of  the  taper. 

170.     All  necessary  information  required  in  explanation 
of  the  sectional  assembly  has  already  been  given  in  coniu 
tion  with  the  various  parts  and  partly  also  in  Art.  161*  J 


161.  ^1 


PLATE  1020,  TITLE  I 
CYUNBBB   AND   VAXVE-KOD    STtJTTTNGB 

171.  On  this  Plate  are  given  four  views  of  the  cylinder, 
part  1.  Taken  from  left  to  right  there  is  a  sectional  plan, 
a  sectional  elevation,  a  bottom  plan,  and,  below  the  first 
view,  a  front  view  of  the  steam  chest.  The  first  view  is 
also  made  to  serve  as  an  assembly,  as  the  position  of  the 
various  parts  located  in  or  on  the  cylinder  are  indicated  by 
means  of  dotted  lines.  These  lines  are  not  to  be  repro- 
duced by  the  student,  as  they  are  simply  inserted  to  aid  him 
in  understanding  the  relation  between  the  various  parts. 

The  cylinder  is  of  cast  iron  and  hollow;  on  one  side  ii 
a  box-like  extension,  called  the  steam  chest,  with  a  fa 
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Fig.  56  (l>),  on  its  upper  side,  into  wbich  the  steam  pipe  is 
to  be  screwed.  The  steam  enters  the  steam  chest  through 
this    pipe   and    passes    from   here   through   either   of    the 
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continue.  In  Fig.  56  (a),  the  steam  has  entered  through 
port  a,  driving  llie  piston  to  the  right;  but  in  the  present 
position  of  the  valve  the  latter  has  already  advanced  so  far 
to  the  left  as  to  shut  off  the  steam,  allowing  it  to  expand. 
The  steam  that  at  the  previous  stroke  has  been  acting  on 
the  right  side  of  the  piston  is  now  escaping  through  port  a' 
into  the  valve  and  out  through  the  exhaust  port  d  into  the 
exhaust  pipe,  screwed  on  at^.  Fig.  56  (i).  The  manner  in 
which  valve  d  receives  its  motion  has  already  been  described 
in  connection  with  Plate  1018.  Parts  2,  2,  and  5  are 
to  be  drawn  to  a  scale  of  3"  =  1  ft. ;  parts  .#,  5,  and  6  to  a 
scale  of  6"  =  1  ft. 


173.  The  sectional  plan  view  is  to  be  drawn  first  and 
located  on  a  horizontal  center  line  H"  below  the  upper 
border  line;  draw  its  vertical  center  line  3-|*j-"  from  the  left- 
hand  border  line.  Tlie  bore  of  the  cylinder  is  4J"  for  8|"of 
its  length  and  is  enlarged  to  4}-|"  at  a  distance  of  Ij"  from 
either  end.  The  walls  are  |"  thick  and  the  flanges  at  each 
end  fj"  thick  and  9J"  in  diameter.  In  the  steam  chest  the 
valve  travels  on  a  seat  cc',  4^"  from  the  center  line  of 
cylinder.  The  center  line  of  the  valve  stem  is  ^J"  from  the 
valve  seat,  it  being  understood  that  the  center  lines  of 
steam  pipe  and  valve  stem  are  located  in  the  same  vertical 
plane.  The  valve  is  prevented  from  moving  sidewise  by 
two  ribs  ?,  e',  i"  high  and  B|"  long.  One  of  these  is  shown 
at  <■',  Fig.  56  ((?},  and  both  are  shown  in  section  at  e,  e', 
Fig.  56  (*),  and  in  plan  at  Fig.  56  {c). 

The  exhaust  port  b  is  Ij,"  wide  and  separated  from  the 
steam  ports  by  webs  J"  thick.  It  follows  a  path  around 
the  lower  part  of  the  cylinder  and  has  walls  \"  thick.  The 
steam  ports  have  a  |"  opening  3"  wide,  and  follow  a  curved 
path  through  the  walls  of  the  cylinder.  The  straight  parts 
of  these  ports  are  centrally  located  in  said  walls  and  are  joined 
to  the  ends  of  the  ports  by  curves  having  their  centers  in 
the  valve  seat  and  cylinder  bore,  respectively.  The  sleam-_ 
chest  walls  are  f "  thick,  with  an  extension  of  \"  at  f  a 
to  permit  a  machine  finish  to  match  steam-chest  cov< 
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At  y  is  a  boss  of  equal  thickness  to  be  finished  as  a  seat  for 
the  valve-stem  stuffingbox,  an  opening  being  provided  for 
the  valve  steam  {^"  in  diameter.  In  the  front  of  the  steam 
chdst  is  an  opening  6^"  X  5^'.  Dimensions  for  locating  the 
stud  holes  in  the  cylinder  flange  for  the  cover  are  found  on 
the  drawing  of  part  2^  and  the  distance  between  the  stud 
holes  in  the  steam-chest  flange  is  found  on  the  elevation  of 
the  steam  chest. 

173.  In  the  sectional  elevation,  to  be  drawn  next,  the 
section  is  taken  through  the  vertical  center  line  of  the  sec- 
tional plan.  The  bore  of  the  cylinder,  thickness  of  walls, 
and  connections  between  the  exhaust  port  and  the  exhaust 
pipe  are  clearly  shown.  The  width  of  the  valve  seat  and  of 
ribs^,  e'  are  also  given,  showing  that  the  valve  has  a  clear 
bearing  on  either  side  of  the  ports  of  4".  This  and  the  fol- 
lowing view  are  both  located  on  the  extended  center  line  of 
the  first  view.  Draw  the  vertical  center  line  7^"  from  the 
left-hand  border  line. 

The  bottom  plan  of  the  cylinder  may  now  be  drawn,  loca- 
ting its  vertical  center  line  3J"  from  the  right-hand  border 
line.  Little  need  be  said  in  explanation  of  this  view.  The 
exhaust-pipe  opening  is  shown  by  full-line  circles  and  the 
steam-pipe  opening  by  dotted  circles.  One  half  of  the  plan 
for  drilling  the  cylinder  head  is  shown  to  the  right,  the 
other  half  being  symmetrical. 

174.  On  a  center  line  7f "  below  the  upper  border  li«e 
locate  the  fourth  view  of  the  cylinder,  the  longitudinal 
dimensions  of  which  may  be  projected  directly  from  the 
first  view.  Through  the  opening  in  the  front  of  the  chest 
the  steam  and  exhaust  ports  may  be  seen,  likewise  a  plan  of 
the  valve  seat  and  the  ribs  ec',  Fig.  5G  (c).  The  drill- 
ing plan  for  the  eight  studs,  over  which  the  steam-chest 
cover  fits,  is  shown  atyy,  also  the  drilling  k  i''  for  the  two 
studs,  which  hold  the  stuffingbox  in  place.  The  frame-end 
drilling  plan  is  shown  to  the  riglit  of  this  view  in  Fig.  5G  (d). 
The  location  of  the  holes  corresponds  with  the  position  of  the 
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studs  that  are  tapped  into  the  engine  frame  and  support 
the  cylinder.  Locate  the  center  line  of  this  plan  6^"  from 
the  left-hand  border  line. 

175.  The  steam-chest  cover,  part  S,  ia  next  drawn  in 
elevation  and  end  view.  Locate  the  vertical  center  line  of 
these  views  7^"  from  the  right-hand  border  line  and  the 
horizontal  center  line  of  the  elevation  Gj'j"  above  the  lower 
border  line,  leaving  a  space  of  fj"  between  the  views.  The 
projection  /,  Fig.  66,  (a),  (»■),  and  {/),  holds  the  valve  in 
place.  The  cover  is  recessed  inside  and  out  to  obviate  the 
finishing  of  any  part  but  those  that  fit  the  steam  chest  and 
on  which  the  nuts  for  the  studs  are  seated. 

176.  Part  3  is  the  cylinder  head,  which  is  bolted  to  the 
cylinder  by  means  of  the  eight  studs,  part  7.  The  latter  are 
fastened  in  the  end  of  the  cylinder  before  the  cylinder  head 
is  put  in  place.  The  cylinder  head  is  slightly  recessed  on 
the  outside,  the  finish  mark  applying  only  to  the  raised  por- 
tion. At  w,  Fig.  5(i  (rt),  is  a  recess  in  the  cylinder  head  to 
make  room  for  the  nut  on  end  of  piston  rod  when  the  pis- 
ton is  at  the  end  of  its  inward  stroke. 


177.     The  views   along   the  lower   border   line  are 
located  on  a  center  line  1|^"  above  same.     Begin  with  part 
the  valve-rod  stuffingbox,  and  locale  the  two  views  at  di 
tances  of  Ij"  and  3}"  from  the  left-hand  border  line.     1 
stuffingbox  is  bolted  to  the  steam  chest  at/,  Fig.  66  (a), 
means  of  studs  |"  in  diameter,  part  9. 

Part  5  is  the  gland  that  compresses  and  holds  the  packing 
in  place  in  the  stuffingbox,  the  purpose  of  the  packing  being 
to  make  the  fit  between  piston  rod  and  stuffingbox  steam- 
tight.  It  should  be  noticed  that  those  ends  of  the  stuffing- 
box  and  gland  that  face  each  other  are  countersunk,  the 
object  being  to  force  the  packing  toward  the  piston  rod. 
Locate  these  views  5ff"  and  7"  from  the  left-hand  border 
line. 

Part  6  is  the  clamping  nut  that  holds  the  gland,  part  S, 
position  and  by  means  of  which  the  latter  may  be  fori 
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more  lightly  against  the  packing.     Let  the  center  line  of 

the  right-hand  view  be  6"  from  the  right-hand  border  line, 
and  leave  a  space  of  J"  between  the  two  views. 

The  remaining  parts,  7,  8,  and  9,  are  studs,  the  uses  of 
which  have  been  described.  It  will  be  noticed  that  the 
studs  for  7  are  specified  as  follows:  3g"  long,  thd.  j"  X  -J", 
indicating  that  the  studs  are  threaded  for  J"  at  one  end  and 
■J"  at  the  other  end, 

PliATB   loai,  TITLE: 
AB8BMBI.T   OF  HORIZONTAL  STEAM  ENGINE 
178.     From    the    details  given  on  Plates   1016  to   1020, 


sembly 
1  and  a 


inclusive,  the  student  is  required  to  make  an  a 
drawing  giving  a  general  view  of  the  engine  in  a  plr 
side  elevation. 

That  he  may  have  an  idea  of  what  he  is  expected  to  do,  a 
reduced  copy  of  the  Plate  ia  given  in  Fig.  b1,  in  which  all 
dotted  lines  indicating  parts  not  visible  have  been  omitted 
in  order  to  simplify  the  work.  In  order  to  get  the  drawing 
within  the  same  limits  as  were  used  on  the  preceding  Plates, 
it  is  necessary  to  use  a  J  scale;  that  is,  a  scale  of  2.i" 
=  1  ft.  It  will  be  necessary,  therefore,  for  the  student  to 
construct  a  scale  of  this  kind,  according  to  instructions 
given  in  Art.  11. 

When  making  an  assembly  view  from  several  detail  sheets, 
it  is  often  possible  to  use  the  latter  directly  for  tracing  pur- 
poses, if  both  are  drawn  to  the  same  scale.  In  that  case  the 
Various  detail  views  are  successively  laid  under  the  tracing 
cloth  and  adjusted  into  such  a  position  that  their  center 
lines  will  coincide  with  those  of  the  views  in  the  assembly  in 
which  they  are  to  be  inserted,  after  which  they  are  pinned 
to  the  board.  Considerable  dodging  is  sometimes  required 
in  order  that  the  tracing  cloth  may  be  so  arranged,  rela- 
tive to  the  board,  that  overhanging  parts  do  not  interfere 
with  the  free  use  of  the  T  square.  Those  parts  of  the  tra- 
cing cloth  that  extend  beyond  the  edges  must  be  handled 
with  care,  so  as  not  to  tear  or  wrinkle  it. 


U3  MECHA'NICAL    DRAWING  §U 

If  the  assembly  had  been  drawn  to  a  scale  of  3"  =  1  ft.  . 
it  would  have  been  possible  in  the  present  instance  to  trace 
some  of  the  details  directly  into  the  assembly,  as,  for 
instance,  the  engine  frame,  but  being  drawn  to  a  scale  dif- 
fering from  any  of  the  details  it  is  not  possible  in  this  case 
to  make  any  direct  use  of  the  detail  views  in  this  manner. 

179.  Draw  the  two  horizontal  center  lines  3J"  and  8]" 
from  the  upper  border  line  and  lay  off  the  vertical  center 
line  through  center  of  cylinder  3j"  from  the  left-hand  bor- 
der line.  Locate  the  vertical  through  center  of  crank-shaft 
at  a  distance  from  the  other  vertical  corresponding  to  thai 
given  in  engine  frame.  Draw  the  side  elevation  of  the  bed- 
plate with  the  bearing  caps  in  position,  from  the  dimensions  ' 
given  on  the  detail  sketches,  taking  care  to  make  the  parts 
that  are  likely  to  be  hidden  by  the  flywheel,  eccentric  rod,  etc 
light  so  that  they  may  be  easily  erased  before  tracing. 
The  drawing  may  be  traced  without  removing  the  unneces- 
sary construction  lines,  but  it  is  better  to  remove    them. 
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since  it  lessens  the  liability  of  inking  in  lines  that  will  have 
to  be  erased  from  the  tracing.  Draw  the  plan  of  the  bed- 
plate with  the  bearing  caps,  studs  and  nuts,  foundation- 
bolt  holes,  etc.  shown  in  their  proper  places  and  positions. 

180.  Returning  to  the  elevation,  draw  the  crank  and 
crank  end  of  the  connecting-rod  in  the  position  shown  in  the 
general  drawing.  The  method  by  which  to  determine  the 
position  of  center  of  crankpin  is  shown  in  Fig.  58,  where  ii, 
represents  the  distance  between  centers  of  shaft  and  crank- 
pin  and  i,  i„   the  two  dead  centers  of-  the  engine.     The 
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length  of  the  stroke  is  indicated  by  the  points  «,  «„  the 
piston  rod  in  this  instance  occupying  a  middle  position  at 
pK)int  a^.  To  find  the  corresponding  position  of  the  crank- 
pin,  draw  the  circle  d^d^  with  d  d^  as  a  radius;  this  radius  is 
the  length  of  the  crank  between  center  of  shaft  and  center 
of  crankpin,  or  4"  (see  Plate  1016).  Then  with  a  radius 
equal  to  the  length  of  the  connecting-rod  between  its  cen- 
ters, and  with  ^  as  a  center,  draw  a  small  arc  intersecting 
the  line  a  b^  at  a^ ;  this  determines  the  center  position  of  the 
piston  rod.  With  the  same  radius  a^  b^  but  with  a^  as  a 
center,  draw  the  arc  b  b^ ;  the  point  of  intersection  b^  with 
the  circle  b^b^  will  be  the  point  sought,  viz.,  the  center  of 
crankpin,  when  the  center  of  the  crosshead  pin  is  at  a^. 
A  line  connecting  a^  and  b^  will  be  the  center  line  of  the 
connecting-rod. 

181,  Draw  the  crosshead,  obtaining  the  dimensions 
from  the  detail  sketch.  Complete  the  connecting-rod  in 
both  views,  and  draw  the  piston  rod  1"  in  diameter.  Draw 
both  views  of  the  cylinder  with  the  nuts  and  the  steam  pipe 
in  their  proper  position,  getting  all  dimensions  from  the 
detail  sketches. 

Draw  the  center  line  of  the  valve  stem  in  the  plan  view, 
and  draw  the  stuffingbox,  valve  stem,  valve-stem-  slide  and 
its  guide  in  both  views.  In  order  to  determine  the  position 
of  the  valve-stem  slide,  it  is  necessary  to  locate  the  center 
of  the  eccentric.  Referring  to  the  general  drawing,  it  is 
seen  that  the  eccentric  is  on  the  dead  center  farthest  from 
the  cylinder.  The  offset  of  the  eccentric  is  given  as  \'  in 
the  detail  sketch;  hence,  when  in  this  position,  the  center 
of  the  eccentric  strap  will  be  situated  at  c,  |"  to  the  right  of 
the  crank-shaft  center  on  the  line/^,  Fig.  58.  With  this 
point  as  a  center,  and  a  radius  equal  to  the  distance  between 
the  centers  of  the  eccentric  strap  and  the  hole  in  the  stud 
end  of  the  eccentric  rod  (see  detail  sketch),  in  this 
case  2  ft.  4^",  describe  an  arc  cutting  the  center  line  pq 
in  r, ;  c^  will  be  the  center  of  the  pin  on  the  valve-stem 
slide,  which  may  be  completed  with  the  aid   of   the  detail 
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sketch.     Complete  the  drawing  of  the  eccentric,  eccentric 
strap,  and  eccentric  rod  in  both  views. 

Finally  draw  in  the  bandwheel  and  flywheel  (see  general 
drawing  for  position).  The  flywheel  wiil  be  of  the  same 
diameter  as  the  bandwheel,  but  only  3"  wide. 
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188.  The  following  general  method  of  procednre  has, 
by  experience,  been  shown  to  be  conducive  to  the  accurate 
and  rapid  reading  of  a  drawing  made  in  projection.  First, 
if  the  drawing  is  dimensioned,  ignore  the  existence  of  the 
dimension  lines  and  dimensions  entirely  until  after  the 
general  shape  of  the  object  is  fixed  on  the  mind.  Second,  by 
referring  to  the  several  views,  form  an  idea  of  the  shape  of 
the  main  body  of  the  object ;  that  iS,  observe  if  its  outline 
shows  it  to  be  a  cube,  a  sphere,  a  cylitider,  a  cone,  a  pyramid, 
etc.,  or  a  combination  of  several  o£  iSiese  elementary  forms. 
The  shape  of  the  main  body  having  been  impressed  on  the 
mind,  observe  how  it  is  modified  by  details,  determining,  by 
reference  to  the  several  views,  whether  they  project  from 
the  main  body  or  are  recesses,  or  holes.  Finally,  by  refer- 
ring to  the  dimensions,  form  an  idea  of  the  relative  sites  of 
the  component  parts.  Pay  due  regard  to  all  conventional 
representations  that  may  have  been  used;  for  instance,  do 
not  become  confused  if  the  arm  of  a  pnlley,  or  a  rib,  which, 
truly  speaking,  should  have  been  in  section,  is  shown  in 
full.  If  two  half  sections  are  placed  on  either  side  of  a 
common  center  line,  remember  that  each  half  must  usually 
be  viewed  independently  of  the  other  and  must  be  mentally 
completed. 

183.  When  reading  a  drawing  in  which  the  views  are 
correctly  placed,  it  is  often  a  great  aid,  when  the  shape  of 
some  part  is  doubtful,  to  project  with  a  straightedge  points 
or  edges  of  it  over  to  another  view,  in  order  to  find  the  loca- 
tion of  the  doubtful  part.     When  the  views  are  not  placed 
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itions,  this  cannot  be  done.     An 
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example  of  a  case  of  this  kind  is  given  in  Fig,  59,  and  in 
reading  a  drawing  with  the  view  thus  placed,  the  reader  is 
supposed  to  constantly  imagine  that  the  views  are  in  their 
correct  relative  positions;  with  a  little  practice  this  will  be 
found  to  be  quite  easy. 

In  a  case  of  this  kind,  it  is  manifestly  impossible  to  pro- 
ject points  or  lines  from  one  view  to  the  other  by  means  of 

straightedge,  and  a  different  method  must  be  followed. 
Select  some  surface  whose  projection  appears  in  both  views, 
or  a  center  line;  now  place  a  pair  of  dividers  so  that  one 


point  rests  on  the  projection  of  the  surface  or  center  line 
selected,  and  open  them  until  the  other  point  reaches  the 
point  or  line  whose  projection  it  is  desired  to  find  in  the 
other  view.  Then  place  one  point  of  the  dividers  on 
the  line  representing  the  selected  surface  in  the  second 
view,  and  move  the  dividers  along  this  line  until  a  line,  or 
the  projection  of  a  line,  is  found  to  coincide  with  the 
other  point  of  the  dividers.  Examples  of  this  will  appear 
later  on. 

In  order  to  aid  the  student  in  reading  a  drawing,  we  have 
selected  the  compound  rest,  Fig.  59,  and  will  show  in  detail 
by  what  process  of  reasoning  this  drawing  is  read.  To  aid 
the  student  in  obtaining  a  correct  idea  of  the  location  and 
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shape  of  the  various  parts,  a  perspective  view  of  the  com- 
pound rest  has  been  given  in  Fig.  60. 

184.  To  find  the  shape  of  the  different  parts  and  also 
to  discover,  if  possible,  the  relation  between  them,  we  must 
commence  our  investigation  somewhere.  Let  us  choose  the 
bottom  of  the  front  view.  Looking  at  this,  it  is  noticed 
that  a  partial  section  is  shown,  from  which,  by  reason  of  the 
section  lining  running  in  opposite  directions,  we  conclude 
that  A  and  B  are  separate  parts.  At  the  right  and  left  of 
the  front  view,  the  full  lines  (-,  c  show  that  some  part  of  A 
is  higher  than  the  bottom  of  B,  but  we  do  not  know  whether 
these  lines  denote  the  top  surfaces  of  projecting  parts 
between  which  B  is  fitted,  or  if  c  is  the  top  surface  of  a 
raised  strip  of  some  kind  that  extends  clear  through  the 
inside  of  B.  In  order  to  settle  this  question,  we  note 
whether  the  top  surface  is  continued  somewhere.  Looking 
at  the  front  view  it  is  seen  that  the  line  c  is  dotted  clear 
through  B,  which  settles  conclusively  that  the  part  whose 
top  surface  is  shown  by  the  line  c  is  a  raised  strip  extending 
clear  through  B;  this  fact  immediately  implies  that  B  has  a 
groove  of  some  kind  running  through  it  longitudinally  in 
order  to  admit  the  raised  strip. 

Referring  now  to  the  sectional  view,  which,  as  previously 
stated,  is  a  view  taken  on  the  line  a  d  o(  the  front  view,  and 
everything  to  the  right  of  this  line  being  removed,  we  may 
choose  the  bottom  line  rf'  of  the  sectional  view  as  a  base 
from  which  to  make  measurements.  From  the  fact  that  the 
section  is  taken  on  the  line  ad,  we  know  that  the  line  just 
chosen  is  the  projection  of  the  intersection  rf  of  the  plane 
represented  by  a  ^  with  the  bottom  of  A.  Measuring  from 
(/'  upwards  to  the  highest  linec'  of  A  in  the  sectional  view, 
and  placing  one  point  of  the  dividers  on  d  in  the  front  view, 
it  will  be  seen  that  the  other  point  coincides  with  the  dotted 
line  forming  a  continuation  of  cc;  this  shows  that  c'  is  the 
projection  of  £.  In  a  similar  manner,  we  determine  that  '' 
is  the  projection  of  ^,  and  tracing  the  outlines  of  A  in  the 
sectional  view,  we  notice   that  the   raised  strip  on   A  has 
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inclined  sides.  We  also  notice  that  B  is  cut  out  to  suit  the 
profile  of  A,  except  that  on  one  side  a  steel  part  L  is  inter- 
posed between  the  inclined  sides  of  A  and  B\  it  is  also  seen 
that  a  screw  rests  with  its  point  against  L. 

Referring  now  to  the  front  view,  and  knowing  from 
inspection  of  the  sectional  view  that  the  upper  and  lower 
surfaces  of  the  steel  part  L  are  flush  with  c'  and  e' ,  or  c  and  e 
in  the  front  view,  to  determine  the  length  of  this  part, 
notice  if  any  dotted  or  full  lines  showing  its  length  are 
shown  anywhere  at  a  right  angle  to  e  and  e.  None  being 
found,  the  conclusion  to  be  drawn  is  that  either  the  steel 
part  L  is  as  long  as  A  or  has  the  same  length  as  B.  A  per- 
Bon  without  any  practical  experience  might  conclude  that 
the  length  is  the  same  as  that  of  A ;  but  any  one  having 
engineering  instinct  or  practical  knowledge  would  imme- 
diately notice  that,  as  the  steel  strip  has  setscrews  which 
evidently  push  it  against  the  inclined  side  of  A,  it  would  be 
unnecessary  to  make  the  strip  the  length  of  A,  and  hence 
would  immediately  conclude  that  its  length  is  the  same  as 
that  of  B.  This  latter  conclusion  is  the  one  the  draftsman 
desired  to  convey. 

1S5. .  Looking  at  the  sectional  view  of  A  again,  we 
notice  that  a  groove,  open  on  top,  is  cut  into  A.  To  find  its 
length  we  must  find  lines  corresponding  to  it  in  the  front 
view.  Measuring  from  d'  upwards  to  the  bottom  of  the 
groove  and  transferring  the  measurement  to  the  front  view, 
we  find  that  the  dotted  line^^  represents  the  bottom  and 
end  of  the  groove,  which  at  the  left  is  also  shown  to  be 
open  at  the  bottom,  since  the  dotted  Hne^  curves  around 
and  continues  to  the  bottom  of  A.  This  is  also  indicated 
by  the  dotted  lines  ^'  that  form  an  extension  of  the  sides  of 
the  groove  in  the  sectional  view;  measuring  from  c'  down- 
wards to  the  horizontal  dotted  line  joining  the  ends  ot  g'  g' , 
and  then  passing  along  c  in  the  front  view,  the  point  of  the 
dividers  will  be  found  to  coincide  with  the  point  where 
the  dotted  line  g  meets  the  bottom  of  A.  From  this 
the  conclusion  is  drawn  that  the  dotted  horizontal  line 
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joining  g' g'  in  the  sectional  view  is  the  bottom  edge  oUl 
the  opening.  H 

186.     Looking  at  the  front  view  we  notice  a  left-handed 

screw  C  that  is  placed  within  the  slot  just  investigated. 
Knowing  that,  in  a  view  in  line  with  its  axis,  the  outline  of 
a  screw  will  be  a  circle,  and  knowing  that  this  circle  will  be 
found  inside  of  the  slot,  the  screw  is  readily  found  in  the 
sectional  view.  Now,  experience  teaches  us  that  when  a 
screw  is  shown  in  place  iu  a  machine  drawing,  there  must 
also  be  somewhere  along  its  axis  a  threaded  hole  (or  a  nut) 
to  receive  it.  Looking  at  the  sectional  view  we  see  the  out- 
line of  something  {marked  "  Brome")  that  surrounds  the 
screw.  Now,  this  part,  at  first  glance,  appears  to  be  a  con- 
tinuation of  the  pin  E  directly  above  it;  there  are  two 
reasons,  however,  why  this  is  not  the  case.  In  the  first 
place,  the  part  E  is  sectioned  for  steel;  this  immediately 
shows  that  E  and  the  part  under  investigation  are  separate 
parts.  Furthermore,  when  tracing  out  the  shape  and  posi- 
tions of  the  objects  in  the  front  view,  they  will  be  seen 
neither  to  be  in  line  nor  to  have  any  connection  with  each 
other.  To  find  the  part  under  investigation  in  the  front 
view,  we  may  take,  in  the  sectional  view,  a  measurement 
from  the  center  of  the  screw  downwards  to  the  lowest  point 
of  the  part  we  are  investigating,  and  then,  referring  to  the 
front  view,  proceed  along  the  center  line  of  the  screw  C 
until  we  strike  the  dotted  line  /(.  Since  the  sectional  view 
shows  only  things  to  the  left  of  the  line  ab,  we  know  that 
as  the  part  being  investigated  shows  in  the  sectional  view, 
we  must  look  for  it  to  the  left  ot  ab  in  the  front  vie 
the  ends  of  the  horizontal  dotted  line  /(  we  notice  two  verti- 
cal dotted  lines  that  show  the  length  of  the  part  und) 
investigation;  since  these  lines  terminate  against  the  line 
we  know  that  the  part  butts  against  the  surface  of  B. 

This  latter  conclusion  is  further  confirmed  by  examining, 
in  the  sectional  view,  the  full  outline  of  the  part.  Referring 
again  lo  the  front  view,  we  see  a  screw  thread  indicated  in  B 
right  above  the  part  we  are  discussing,  and  in  the  absence 
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of  any  indication  to  the  contrary,  may  justly  assume  that  it 
is  a  threaded  shank  by  means  of  which  the  part  is  attached 
to  B,  By  this  time  we  are  probably  convinced  that  the 
part  we  have  .been  investigating  is  the  nut  we  are  looking 
for,  but  are  not  sure  of  it.  To  find  out,  let  us  try  to  inves- 
tigate the  whole  of  the  screw.  In  the  front  view,  the  dot- 
ted lines  /,  /  show  that  the  screw  has  a  bearing  and  also  has 
a  collar  butting  against  part  of  'A  ;  beyond  the  bearing  the 
screw  shows  in  full  and  apparently  has  a  seat  for  some 
kind  of  an  attachment  which  must  cause  the  screw  to  turn, 
since  a  dowel-pin  is  shown  in  the  seat.  Inspecting  the  sec- 
tional view  we  find  a  screw  similar  to  the  one  under  dis- 
cussion, with  a  ball  handle  and  retaining  nut  on  the  end  of 
it.  As  we  find  a  note  "  Two  Handles  Machinery  Steely 
Finish  all  over,**  and  as  we  cannot  find  any  other  place  for 
the  second  handle,  we  naturally  conclude  that  such  a  handle 
is  to  be  placed  on  the  end  of  the  screw  C.  Now,  from  the 
fact  that  the  screw  is  confined  longitudinally  by  the  collar 
and  the  ball  handle,  and  that  there  is  no  thread  on  the 
part  of  the  screw  between  them,  we  know  that  the  nut 
must  be  to  the  right  of  the  collar;  since  the  part  previously 
investigated  is  the  only  part  we  can  find  that  directly  sur- 
rounds the  screw,  we  will  now  be  justified  in  assuming  that 
it  is  the  nut  we  are  looking  for. 

The  fact  that  A  and  B  are  connected  together  by  a  screw 
provided  with  a  handle  for  turning  it  will  immediately  sug- 
gest the  idea  that  it  is  to  be  used  for  moving  the  part  B 
along  A,  whence  we  conclude  that  ^  is  a  slide  moving  on  A. 
Knowing  this,  the  logical  conclusion  is  that  the  piece  Z  is  a 
gib  used  for  taking  up  the  wear  of  the  sliding  surfaces,  which 
view  is  proved  to  be  correct  when  it  is  noticed,  by  reference 
to  the  sectional  view,  that  a  tightening  of  the  setscrew  will 
tend  to  draw  the  wearing  surfaces  together. 

187,  Looking  now  at  the  part  K,  at  the  left  of  A,  in  the 
front  view,  considering  the  part  by  itself,  we  cannot  tell 
whether  it  is  an  integral  part  of  A  or  a  separate  piece  fast- 
ened  to  it.     But  as  soon  as  we  consider  it  in  connection 


150  MECHANICAL   DRAWING 

with  the  screw  C,  we  see  that  the  latter  cannot  be  placed  in 
position  unless  the  part  A'  is  removable.  From  this  we 
conclude  that  the  part  A' is  separate  from  A.  The  next 
question  that  suggests  itself  is:  How  is  it  fastened  on? 
The  note  on  the  front  view  and  the  dotted  screw  heads  in  the 
sectional  view  show  that  screws  with  slotted  heads  are  used. 

As  far  as  the  shape  of  K  is  concerned,  the  front  view 
shows  that  it  is  a  cone  joining  some  presumably  flat  part. 
Referring  now  to  the  sectional  view,  we  discover  by  meas- 
uring successively  from  the  center  line  and  center  of  the 
screw  C  that  the  dotted  harizontal  line  k'  represents  the 
lower  surface  of  A',  and  the  absence  of  any  other  dotted 
lines  in  this  part  of  the  sectional  view  indicates  that  the  pro- 
file of  the  flat  part  of  A  is  the  same  as  that  of  A. 

On  examining  the  sectional  view,  it  is  seen  that  some  part 
of  D,  which  from  the  section  lining  we  know  to  be  separate 
from  B,  projects  downwards  from  the  main  body  of  J}  and 
is  in  contact  with  the  upper  surface  /'  of  the  part  B. 
Referring  now  to  the  front  view  and  looking  along  /.  we  find 
that  the  part  under  discussion  is  cylindrical;  this  is  inferred 
from  the  dimension  "  ^"  turned."  The  main  body  of  D,  and 
also  the  parts  G,  H.  andy,  may  now  be  investigated  in  a 
manner  similar  to  that  in  which  the  relation  of  A,  ii^  C, 
and  K  was  traced;  it  will  then  be  found  that  /J  is  a  part 
similar  to  A.  Furthermore,  the  investigation  will  show 
that  (?  is  a  slide;  this  slide  is  movable  by  means  of  the 
screw  //,  which  turns  in  the  bearingy. 

188.  Referring  again  to  the  sectional  view,  we  see  that 
B  and  D  are  connected  together  by  a  pin  E,  the  object  of 
which  is  unknown  as  yet.  Examining  this  pin  we  notice 
that  a  hole  is  cut  through  its  upper  end  and  that  a  screw  F, 
with  a  tapered  shoulder  to  the  right  of  its  screw  thread, 
passes  through  this  hole.  On  close  examination,  we  see 
that  the  hole  in  E  is  so  placed  that  the  tapered  part  of  the 
screw  F  bears  against  the  upper  side  of  the  hole.  We 
further  notice  that  the  screw  F  is  not  used  as  a  fastening 
device  to  hold  any  parts  of  D  together;  this  conclusion  is 
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forced  upon  us  liy  the  fact  that  the  sectional  view  shows  D 
to  be  one  piece.  Now,  we  know  from  experience  that  a 
screw  is  used  either  as  a  fastening  device  or  to  transmit 
motion;  as  it  obviously  is  not  used  for  the  purpose  first 
mentioned,  we  conclude  that  it  probably  serves  for  the 
latter  purpose.  To  make  sure  of  this  we  trace  out  what 
will  happen  if  the  screw  is  rotated.  We  then  notice  that 
if  the  screw  is  screwed  inwards,  it  will  raise  the  part  E\  but 
as  E  cannot  move  upwards  by  reason  of  being  confined  by 
the  collar  on  it,  it  shows  to  us  that  screwing  F  inwards  will 
force  D  down  on  B.  The  logical  inference  is  that  E  and  F 
form  a  clamping  device  intended  to  clamp  B  and  D  together. 
Examining  the  pin  E  again,  we  do  not  find  anything  that 
would  definitely  tell  whether  it  is  round  or  square.  Here 
judgment  must  be  used.  An  experienced  person  would 
know  upon  the  first  glance  that  the  clamping  arrangement 
shown  is  an  expensive  one  to  make  and  one  not  likely  to  be 
adopted  when  it  is  only  required  to  fasten  two  pieces 
rigidly  together,  in  which  case  E  might  be  either  round  or 
square.  The  next  inference  would  be  that  it  is  used  in 
order  to  allow  D  to  be  rotated  around  E  and  to  be  clamped 
in  any  position.  This  supposition  requires  the  pin  E  to  be 
round  and  is  correct  in  this  case. 

189.  Referring  now  to  the  ball  handle  /,  of  which  only 
one  view  is  shown,  the  question  of  whether  it  is  circular  or 
square  is  immediately  settled  by  experience  teaching  us  that 
a  handle  having  the  shape  shown  is  not  likely  to  be  any- 
thing else  but  round,  and  in  the  absence  of  any  note  or  indi- 
cation to  the  contrary,  we  would  be  justified  in  assuming  it 

to  be  so. 

« 

190.  As  far  as  the  part  G  is  concerned,  the  sectional 
view  shows  it  to  be  cored  out  in  order  to  pass  over  the  nut 
in  which  the  screw  H  works.  The  width  and  profile  of  the 
coring  must  be  obtained  from  the  front  view,  which  it  will 
be  remembered  is  a  view  at  a  right  angle  to  the  sectional 
view.     The  natural  assumption  to  make  is  that  the  lines 
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giving  the  width  and  profile  of  the  coring  will  be  foui 
directly  in  the  vicinity  of  the  screw  H  in  the  front  vie 
Measuring  from  the  center  line  of  this  screw  in  the  si 
tional  view  upwards  to  the  line  showing  the  height  of  the 
coring,  and  then  transferring  this  measurement  to  the  front 
view,  we  find  the  full  circle  n.     Now,  as  the  coring  is  beyond 
the  bearingy,  we  know  that  its  profile  would  show  in  dotted 
lines  and  conclude  that  the  circle  n  represents  some  part  of 
the  bearingy.     As  this  bearing  has  a  conical  projection, 
the  inference  is  that  the  full  circle  represents  the  largest 
diameter  of  the  cone,  which  is  the  case.     Now,  the  absence 
of  a  dotted  line  showing  the  coring  forces  us  to  conclude  that 
the  dotted  line  would  be  directly  behind  the  full  circle  «  am 
is  thus  hidden.     This  conclusion  is  further  strengthened 
finding  two  vertical  dotted  lines  r,  r  tangent  to  the  circle 
and  we  finally  decide  that  the  groove  has  straight  sides  wil 
a  semicircular  top,  as  given  by  the  dotted  lines  r,  r  and  tl 
upper  semicircle  of  «.     By  measuring  again  in  the  manai 
previously  explained,  we  decide  that  the  dotted  line  f  is  a 
front  view  of  the  nut  in  which  H  works. 

At  the  right-hand  end  of  the  sectional  view  of  G  we 
notice  a  T-shaped  opening.  Referring  to  the  front  view 
we  can  easily  discover,  by  transferring  measurements,  that 
the  dotted  horizontal  lines/,  p  show  the  length  of  the  slot, 
which  is  seen  to  extend  clear  across  G. 

191.     Referring  now  to  the  drawing  of  the  tool  post, 
will  be  observed  that  only  one  view  is  given.     While  I 
does  not  definitely  settle  that  the  post  is  circular  in  cro( 
section,  common  practice  would  justify   a  person  in  j 
ming,  in  the  absence  of  any  note  or  any  other  indication  t 
the  contrary,  that  such  was  the  case.     This  view  is  strengtl) 
ened  by  the  fact  that  some  dimensions  are  marked  d,  sij 
ing  diameter,  which  term  is  rarely  applied   to  any  1 
round  object. 

193.     The  two  views  of  the  collar  give  its  shape.     Refes 

ring  to  the  front  view,  while  there  is  no  definite  note  to  thi 
effect,  it  would  be  inferred  from  the  fact  that  a  thread  I 
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shown   that  the  lower  part  is  separate,   being,  in   fact,  a 
circular  nurled  nut  threaded  to  receive  the  upper  part. 


193.  While,  generally  speaking,  any  one  can  learn  to 
determine  the  shape  of  objects  from  a  drawing,  there  are 
cases  that  arise  in  practice  where  this  is  very  difficult 
without  further  verbal  or  written  instructions.  The  cases  in 
which  this  usually  happens  are  where  coring  has  various 
odd-shaped  curved  surfaces  that  curve  in  different  directions, 
as  occurs,  for  instance,  with  the  steam  ports  and  other  pas- 
sages of  steam-engine  cylinders  and  other  similar  work. 
Practical  experience  with  a  certain  line  of  work,  and,  fre- 
quently, a  knowledge  of  the  object  of  the  doubtful  part 
will  often  enable  the  reader  to  form  a  correct  idea  of  what 
the  draftsman  is  trying  to  convey;  when  this  experience  or 
knowledge  is  lacking,  consult  somebody  who  is  likely  to  know. 

Furthermore,  the  shape  of  an  object  does  not  necessarily 
in  itself  always  reveal  its  purpose.  Ability  to  determine  at 
sight  what  an  object  is  to  be  used  for  involves  either  a 
thorough  knowledge  of  a  particular  line  of  work— in  which 
case  the  purpose  of  objects  coming  within  its  range  can 
usually  be  determined  at  sight — or  a  very  wide  general 
knowledge  of  engineering  construction. 


BLUEPRrNTENG 

194.  Blueprinting  is  the  process  of  duplicating  a  tracing 
by  means  of  the  action  of  light  upon  a  sensitized  paper. 
The  following  solution  is  much  used  for  sensitizing  the 
paper:  Dissolve  2  ounces  of  citrate  of  iron  and  ammonia  in 
8  ounces  of  water;  also  1}  ounces  of  red  prussiate  of  potash 
in  8  ounces  of  water.  Keep  the  solutions  separate  and  in 
dark -colored  bottles  in  a  dark  place  where  the  light  cannot 
reach  them.  Better  results  will  be  obtained  if  J  an  ounce 
of  gum  arabic  is  dissolved  in  each  solution. 

When  ready  to  prepare  the  paper,  mix  equal  portions  of 
the  two  solutions,  and  be  particularly  careful  not  to  allow 
any   more   light   to  strike   the  mixture  than  is  absolutely 
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necessary  to  see  by.  For  this  reason  it  is  necessary  to  have 
a  dark  room  to  worlc  in.  There  must  be  in  this  room 
a  tray  or  sink  of  some  kind  that  wili  hold  water;  it  should 
be  larger  than  the  blueprint  and  about  6  inches  deep. 
There  should  also  be  a  flat  board  large  enough  to  cover  the 
tray  or  sink.  If  the  sink  is  lined  with  zinc  or  galvanized 
iron,  so  much  the  better.  There  must  be  an  arrangement 
like  a  towel  rack  to  hang  the  prints  on  while  they  are  drying. 
For  the  want  of  a  better  name,  this  arrangement  will  be 
called  a  print  rack.  The  paper  used  for  blueprinting  should 
be  a  good,  smooth,  white  paper,  and  may  be  purchased  of 
any  dealer  in  drawing  materials.  Cut  it  into  sheets  a.  little 
larger  than  the  tracing,  so  as  to  leave  an  edge  around  it 
when  the  tracing  is  placed  upon  it.  Place  eight  or  ten 
of  these  sheets  upon  the  flat  board  before  mentioned,  taking 
care  to  spread  flatly  one  above  another,  so  that  the  edges 
do  not  overlap.  Secure  the  sheets  to  the  board  by  driving 
a  brad  or  small  wire  nail  through  the  two  upper  corners 
sufficiently  far  into  the  board  to  hold  the  weight  of  the 
papers  when  the  board  is  placed  in  a  vertical  position.  Lay 
the  board  on  the  edges  of  the  sink,  so  that  one  edge  is 
against  the  wall  and  the  board  is  inclined  so  as  to  make  an 
angle  of  about  60°  with  the  horizontal.  Darken  the  room 
as  much  as  possible  and  obtain  what  light  may  be  necessary 
from  a  lamp  or  gas  jet,  which  should  be  turned  down  very 
low.  With  a  wide  camel's-hair  brush  or  a  fine  sponge, 
spread  the  solution  just  prepared  over  the  top  sheet  of  paper. 
Be  sure  to  cover  every  spot  and  do  not  get  too  much  on 
the  paper.  Distribute  it  as  evenly  as  possible  over  the 
paper,  in  much  the  same  manner  that  the  finishing  coal  of 
varnish  would  be  put  on  by  a  painter.  Remove  the 
by  pulling  on  the  lower  edge,  tearing  it  from  the  nail  thi 
holds  it,  and  place  it  in  a  drawer  where  it  can  lie  flat  and 
kept  from  the  light.  Treat  the  next  sheet  and  each  succeed- 
ing sheet  in  exactly  the  same  manner,  until  the  required 
number  of  sheets  has  been  prepared. 

Unless  a  large  number  of  prints  is  constantly  used, 
cheaper  to  buy  the  paper  already  prepared.    It  can  be  bouj 
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in  rolls  of  10  yards  or  more,  of  any  widLh,  or  in  sheets 
already  cut  and  ready  for  use.  There  is  very  little,  if  any- 
thing, saved  in  preparing  the  paper,  and  better  results  are 
usually  obtained  from  the  commercial  sensitized  paper,  since 
the  manufacturers  have  machines  for  applying  the  solution 
and  are  able  to  distribute  it  very  evenly. 

195.  In  Figs.  61  and  63  are  shown  two  views  of  a  print- 
ing frame  that  is  well  adapted  to  sheets  not  over  IT'  X  21". 
The  frame  is  placed  face   downwards  and  the  back  A   is 


removed  by  unhooking  the  brass  spring  clips  B,  B.  and  lifting 
it  out.  The  tracing  is  laid  upon  the  glass  C,  with  the  inked 
side  touching  the  glass.  A  sheet  of  the  prepared  paper,  per- 
fectly dry,  is  laid  upon  the  tracing  with  the  yellow  (sensitized) 
side  downwards.  The  paper  and  tracing  are  smoothed 
out  so  as  to  lie  perfectly  flat  upon  the  glass,  the  cover  A-  is 
replaced,  and  the  brass  spring  clips  B,  B  are  sprung  under 
the  plates  D.  so  that  the  back  cannot  fall  out.  While  all 
this  is  being  done,  the  paper  should  be  kept  from  the  light 
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as  much  as  possible.  The  frame  is  now  placed  where  the 
sun  can  shine  upon  it  and  is  adjusted,  as  shown  in  Fig.  62.  so 
that  the  sun's  rays  will  fall  upon  it  as  nearly  at  right  angles  as 
possible.  According  to  the  conditions  of  the  sky — whether 
clear  or  cloudy — and  the  time  of  the  year,  the  print  must 
be  exposed  from  3  to  15  minutes.  The  tray,  or  sink,  already 
mentioned,  should  be  filled  to  a  depth  of  about  2"  with 
clear  water  (rain  water  if  possible).  The  print  having  been 
exposed  the  proper  length  of  time,  the  frame  is  carried  into 


a  dark  part  of  the  room,  the  cover  removed,  and  the  print 
(prepared  paper)  taken  out.  Now  place  it  on  the  water 
with  the  yellow  side  down  and  be  sure  that  the  water 
touches  every  part  of  it.  Let  it  soak  while  putting  the  next 
print  in  the  frame.  Be  sure  that  the  hands  are  dry  before 
touching  the  next  print.  The  first  print  having  soaked  a 
short  time  (about  10  minutes)  take  hold  of  two  of  its 
opposite  corners  and  lift  it  slowly  out  of  the  water.  Dip  it 
back  again  and  pull  out  as  before.  Repeat  this  a  number  of 
times,  until  the  paper  appears  to  get  no  bluer;  then  hang  it 
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by  two  of  its  corners  to  dry  on  the  print  rack  previously 
mentioned.  If  there  are  any  dark-purple  or  bronze- colored 
spots  on  the  prints,  it  indicates  that  the  prints  were  not 
washed  thoroughly  on  those  spots.  If  these  spots  are  well 
washed  before  the  print  is  dried,  they  will  disappear. 

196.  It  is  best  to  judge  the  proper  lime  of  exposure 
to  the  light  by  the  color  of  the  strip  of  print  projecting 
beyond  the  edge  of  the  tracing.  To  obtain  the  exact  shade 
of  the  projecting  edge,  take  a  strip  of  paper  about  12"  or 
14"  long  and  3"  or  4"  wide.  Divide  it  into,  say,  12  equal 
parts  by  lead-pencil  marks,  and  with  the  lead  pencil  number 
each  part  1,  3,  3,  etc.  Sensitize  this  side  of  the  paper  and, 
after  it  has  been  properly  dried,  place  it  in  the  print  frame 
with  the  sensitized  side  and  the  marks  and  figures  against 
the  glass.  Expose  the  whole  strip  to  the  liglit  for  1  miniile; 
then  cover  the  part  of  the  strip  marked  1  with  a  thin  board 
or  anything  that  will  prevent  the  light  from  striking  the 
part  covered.  At  the  end  of  the  second  minute,  cover 
parts  2  and  1;  at  the  end  of  the  third  minute,  parts  3,  3, 
and  I,  etc.  When  12  minutes  are  up,  part  1  will  have  been 
exposed  1  minute;  part  3,  3  minutes,  etc.,  part  13  having 
been  exposed  13  minutes.  Remove  the  frame  to  a  dark  part 
of  the  room  and  tear  the  strip  so  as  to  divide  it  into  two 
strips  of  the  same  length  and  about  half  the  original  width. 
Wash  one  of  the  strips  as  before  described,  and  when  it  has 
dried,  select  a  good  rich  shade  of  blue,  neither  too  light  nor 
too  dark ;  notice  the  number  of  the  part  chosen,  and  it  will 
indicate  the  length  of  time  that  the  print  was  exposed. 
Examine  carefully  the  corresponding  part  of  the  other  strip, 
and  the  correct  color  of  the  edge  of  the  print  projecting 
beyond  the  tracing  is  determined.  All  prints  should  be 
exposed  until  this  color  is  reached,  no  matter  how  long  or 
how  short  the  time  may  be ;  then  they  should  be  immediately 
taken  out  and  washed. 

197.  In  Fig.  (33  is  shown  a  patented  frame  which  can  be 
shoved  out  of  the  window  and  adjusted  to  any  angle.  When 
not  in  use,  it  can  lie  folded  up  against  the  wall  and  occupies 
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buL  little  space.    It  is  made  in  different  sizes  from  IG"  X  24" 
to  48"  X  73".     It  is  one  of  the  best  frames  in  the  market, 


and  is  placed  in  such  a  position  relatively  to  the  window 
that  the  window  can  be  lowered  to  the  top  of  the  main  arm, 
when  it  is  desired  to  keep  out  the  cold  during  the  winter. 
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XT8EFUL   TABLES 
19S.    Forms  of  Bolt  Heads,  N'uts,  and  Screw  Heada. 

The  information  required  for  the  construction  of  the  stand- 
ard forms  of  boll  heads,  nuts,  and  the  principal  sprew 
heads  is  given  in  Fig.  64.  The  several  dimensions  are  indi- 
cated by  capital  letters  in  the  diagrams  and  the  relations 
between  these  dimensions  are  stated  either  below  each  sep- 
arate diagram  or  below  each  series  of  diagrams.  It  is  seen 
that  these  dimensions  are  all  based  on  the  diameters  of  the 
bolts  or  screws, 

199.  In  order  to  avoid  the  calculations  required  to 
use  these  diagrams,  the  standard  dimensions  of  boll  heads, 
nuts,  and  screw  heads  have  been  given  in  Table  I.  for  the 
sizes  mostly  in  use.  Dimensions,  corresponding  with  those 
indicated  by  capital  letters  in  the  diagrams,  are  found  in 
the  table  in  columns  headed  by  similar  letters.  For  instance: 
It  is  required  to  hnd  the  height  of  a  hexagon  head  for  a 
bolt  1"  in  diameter.  In  the  diagram  of  a  hexagon  head 
the  letter  F  represents  its  height.  To  find  its  numerical 
value  from  the  table,  descend  along  the  column  A  until  the 
diameter  1  is  found.  Then  pass  in  a  horizontal  direction  to 
the  column  F,  where  the  value  W  is  found,  which  is  the 
dimension  required. 

ZOO.  Small,  standard,  machine  or  wood  screws  are  indi- 
cated by  gauge  numbers  instead  of  by  diameters.  Table  II 
gives  the  gauge  numbers  and  the  corresponding  diameters 
of  the  sizes  mostly  used.  To  draw  a  screw  of  a  certain  gauge, 
find  its  diameter  in  the  table,  and  lay  out  the  head  according 
to  the  instructions  given  with  the  diagrams  in  Fig.  64. 

201.  Diameters  of  Small  Holes.— The  sizes  of  small 
holes  are  generally  indicated  by  the  gauge  number  of  the 
drills  used  in  drilling  them  instead  of  ,by  their  diameters. 
Table  III  gives  the  gauge  numbers  and  corresponding  diam- 
eters of  the  Morse  twist  drills.  The  table  will  also  serve  to 
indicate  tl\e  gauge  numbers  of  ordinary  steel  wire. 
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20!3.  Pipe  Threads. — The  pitches  and  depths  of  the 
screw  threads  on  pipes  cannot  be  made  according  to  the  rules 
applying  to  ordinary  screw  threads,  as  in  that  case  the  depth 
of  the  thread  would  be  greater  than  the  thickness  of  the  pipe. 

Table  IV  gives  the  standard  dimensions  of  pipe  threads. 
By  means  of  the  data  given  under  the  head  of  Total 
Length  of  Thread  and  Length  of  Perfect  Thread,  it  is 
possible  to  determine  the  length  of  the  part  containing 
imperfect  threads.  It  should  be  noted  that  the  number  of 
the  latter  is  a  constant  for  all  diameters;  that  is,  according 
to  the  standard  adopted,  there  should  always  be  six  imper- 
fect threads,  two  of  which  are  imperfect  only  at  top,* and  four 
both  at  top  and  bottom.  The  number  of  perfect  threads 
will  vary  according  to  the  diameter  of  the  pipe  or  nipple,  -k 

!303.     Decimal    ICquivalents    of   Parts    of    1    Incli. 

Table  V  is  intended  to  aid  the  student  in  finding  the 
nearest  64th  inch  corresponding  in  value  to  a  dimension 
given  in  thousandths  of  an  inch. 

,  The  decimal  fractions  are  printed  in  two  sizes  of  type;  the 
one  in  large  type  giving  the  exact  value  of  the  corresponding 
fractional  part  of  an  inch  to  the  fourth  decimal  place.  A 
given  decimal  fraction  of  an  inch  is  rarely  exactly  equal  to 
any  of  these  values,  but  is  either  above  or  below  it,  and  the 
question  is  then  to  decide  to  which  of  two  values  it  is  the 
nearest,  whether  to  the  preceding  or  succeeding  one.  For 
instance  it  is  desired  to  lay  off  the  fraction  .1330"  in  64ths  of 
an  inch.  The  nearest  decimal  fractions  are  .1250  and  .1406, 
and  the  question  is  which  of  these  to  choose.  By  means  of 
the  decimal  fractions,  printed  in  smaller  type,  this  question 
may  be  answered  at  once,  as  the  value  of  any  one  of  these  is 
the  mean  of  the  two  adjacent  fractions  printed  in  larger 
type.  If  therefore  any  of  the  given  decimal  fractions  is 
above  the  mean  in  value  it  belongs  to  the  succeeding  decimal 
fraction,  if  below  to  the  preceding  one.  In  this  instance  the 
mean  fraction  is  .1328,  and  as  .1330  is  greater  than  this, 
.1406"  or  ^j"  will  be  chosen.  In  the  same  manner  the 
nearest  64th  inch  corresponding  to  the  decimal  fractions 
.3670"  and  .8979"  are  found  to  be  ff"  and  fj",  respectively. 
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INTRODUCTION 

27.  Structural  drafting  is  essentially  mechanical  draw- 
ing and  is  subjected  to  the  same  requirements  with  regard 
to  accuracy  and  rendering.  As  it  is  necessary  that  the 
student  should  know  something  of  the  conventionalities  of 
mechanical  drawing,  the  plate  entitled  Details  has  been  intro- 
duced in  order  to  familiarize  him  with  the  elements  of  this 
subject.  All  other  plates  in  this  Section  relate  entirely  to 
construction,  and,  besides  offering  the  student  practice  in 
mechanical  drawing,  furnish  him  with  a  study  of  the  details 
of  construction.  It  is  seldom  that  the  structural  draftsman 
can  devote  the  time  that  is  necessary  to  make  a  carefully 
executed  and  elaborate  drawing,  for  the  plans  and  details 
are  often  wanted  in  a  hurry  and  they  can  seldom  be  used 
for  any  but  the  one  piece  of  work.  Therefore,  all  that  is 
required  of  him  is  an  accurate  and  complete  drawing. 
Shade  lines,  as  described  in  Geometrical  Drawing,  are  seldom 
used,  for  they  take  time  and  are  apt  to  destroy  the  accuracy 
of  the  drawing  in  scaling.  Owing  also  to  the  fact  that 
numerous  notes  are  necessary,  it  is  usual  to  adopt  the 
simplest  possible  form  of  lettering — one  that  can  be  executed 
with  rapidity;  therefore,  the  common  practice  is  to  use, 
instead  of  the  single-line  Italic  shown  on  the  plates  in 
Geometrical  Drawing,  the  form  of  lettering  called  single 
stroke,  which  is  used  on  the  plates  that  follow. 

Copyri^ifht,  Ki^>*,  by  International  Textbook  Company 
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28.  In  laying  out  structural  or  mechanical  drawin^fs  the 
draftsman  is  often  called  on  to  designate  nuts  and  bolts. 
These  parts  have  been  given  certain  fixed  proportions, 
known  in  this  country  as  the  United  States  standard,  in 
order  that  all  bolts  and  nuts  throughout  the  country  will  be 
interchangeable.  To  make  an  accurate  drawing  of  a  bolt 
or  nut  would  require  considerable  time,  because  the  threads 
are  in  the  form  of  a  helix,  which  is  somewhat  difficult  to  lay 
out.  It  became  necessary,  therefore,  to  adopt  some  means 
by  which  a  bolt  with  the  threads  and  nuts  could  be  readily 
shown,  and  the  conventional  methods  designated  on  the 
plate  in  Figs.  1,  2,  3,  4,  5,  and  6  have  been  uniformly 
adopted  by  structural  and  mechanical  draftsmen. 

In  order  to  distinguish  readily  between  references  to 
figure  numbers  on  the  drawing  plates  and  to  those  in  the 
text,  the  former  will  be  printed  in  heavy-faced  type  and 
the  latter  in  ordinary,  or  light-faced  type. 

29.  Pig.  1  shows  the  simplest  conventional  method  of 
'  designating    the    threaded    oud    of    a    bolt.      It    consists 

of  drawing  single  lines  across  the  bolt  at  the  same  distance 
apart  as  the  threads  are  located.  These  lines  are  inclined 
half  the  pitch  in  one  diameter  and  represent  approximately 
the  top  of  the  thread.  The  pitch  of  the  thread  is  the 
distance  from  thread  to  thread  and  in  this  case  is  approxi- 
mately equal  to  ^j",  because  a  li"  United  States  standard 
bolt  has  seven  threads  to  the  inch.  The  conventional  method 
shown  in  Fig,  2  is  rather  neater  and  more  natural  and  is 
used  on  drawings  of  larger  scale,  though  it  is  seldom 
attempted  where  it  is  necessary  to  show  bolts  in  a  drawing 
I  made  to  a  i",  J",  or  ^'  scale. 
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In  making  large  and  accurate  drawings  and  where  it  is 
desired  to  have  the  drawing  possess  a  neat  and  finished 
appearance,  it  is  usual  to  lay  out  the  screw  threads  as  shown 
in  Figs.  3  and  4.  The  method  of  doing  this  is  explained 
later.  It  will  be  noted  that  the  threads  slope  In  opposite 
directions  in  Figs:  3  and  4.  This  means  is  usually  employed 
to  designate  whether  the  thread  is  rigkl  or  Ml  hand;  that 
is,  whether  the  nut  can  be  screwed  on  the  bolt  by  turning 
in  the  direction  of  the  hands  of  a  clock  or  opposite  to  their 
movement.  A  United  States  standard  bolt  cut  with  a  right- 
hand  thread  is  always  tightened  by  turning  the  nut  in  the 
direction  of  the  hands  of  a  watch,  while  a  bolt  provided  with 
a  left-hand  thread  is  tightened  by  turning  the  nut  in  the 
opposite  direction,  or  reverse  to  the  movement  taken  by 
the  hands  of  a  watch.  Whether  the  threads  on  a  bolt  are 
right-  or  left-hand  may  readily  be  determined  by  placing  the 
bolt  in  a  horizontal  position;  if  the  threads  slope  from  the 
top  to  the  bottom  toward  the  right  the  bolt  is  cut  with  a  right- 
hand  thread,  while  if  the  threads  slant  from  the  top  to  the 
bottom  toward  the  left,  the  bolt  is  cut  with  a  left-hand  thread. 

Figs.  5  and  6  show  the  end  of  the  bolt  provided  with  a 
hexagon  nut.  Fig.  5  having  the  nut  turned  with  the  longest 
diameter  parallel  with  the  sheet,  while  Fig.  6  has  the 
shortest  diameter  lying  in  the  plane  of  the  paper.  The 
threads  are  shown  in  these  two  views  by  the  conventional 
method  designated  in  Fig.  2. 

Fig.  7  is  a  cast-iron  shoe  for  the  end  of  a  rafter  member 
in  a  root  tniss;  it  is  designed  to  transfer  the  thrust  of  the 
rafter  member  to  the  horizontal  tie-member.  The  location 
of  a  similar  casting  may  be  observed  on  Drawing  PSate, 
title:  Mill  Construction.  The  end  of  the  rafter  member  is 
fitted  to  the  casting  along  the  lines  ab  and  be,  while  the  pro- 
jecting liprfr/is  fitted  into  a  cut  in  the  tie-member.  The 
bolt  holes  are  necessary  in  the  casting  so  that  bolts  may  be 
passed  through  the  tie  and  rafter  member  in  order  to  hold 
them  firmly  together  and  in  alinement,  so  that  the  shoe  may 
act  in  its  proper  capacity  as  an  abutment. 

Fig.  8  shows,  in  detail,  a  cast-iron  vrasher.     This  type 


of  special  washer  is  used  where  it  is  necessary  to  run  a  bolt 
or  rod  oblique!y  through  the  timber.  If  the  washer  were 
not  used  it  would  be  necessary,  in  order  to  get  a  flat  bearing 
for  the  nut,  to  cut  into  the  timber  at  right  angles  with  the 
direction  of  the  bolt.  For  this  reason  a  washer  that  has  the 
shape  of  the  casting  shown  in  the  figure  is  used.  By  this 
means  the  nut  can  be  brought  to  a  square  bearing  on  the 
surface^/.  The  lower  flange  abed  in  (c)  is  usually  set  into 
the  timber  so  that  before  the  casting  can  move  longitudinally 
it  must  shear  the  wood.  ^H 

30.     Commence  the  plate  by  drawing  the  vertical  lines  d^H 
Figs.  1,  a,  3,  and  4,  at  distances  of  lA",  3fi".  6tV'.  a^^ 
8-H",  respectively,  from  the  left-hand  border  line.     Draw  a 
horizontal  line  It"  from  the  upper  border  line,  on  which  to 
locate  the  points  c,d.     Draw  in  the  vertical  lines  represent- 
ing the  outline  of  the  bolts  and  then  describe  the  arc  cd  \n 
each  figure,  these  arcs  being  drawn  with  a  radius  equal  to    ' 
the  diameter  of  the  bolt.     In  Figs,  t  and  2.  the  top  of  the 
thread  is  assumed  to  start  at  the  intersection  of  the  line  cd 
and  the  center  line.      Lay  off  along  the  vertical   line  ab. 
from  the  point  i  in  each  of  the  figures,  spaces  equal  to  the 
pitch  of  the  screw,  or  so  many  threads  to  the  inch,  according 
to  the  United  States  standard  given  in  Table  II.     Through 
these  points,  which  are  spaced  at  a  distance  apart  equal  to 
Vi  or  approximately  ft",   since  for  a  !«"   bolt  there  are 
seven  threads  to  the  inch,  draw  lines  indicative  of  threads. 
In  order  to  find  the  slant  of  these  lines,  lay  off  one-fourth  of 
the  pitch  from  c  downwards  and  from  the  point  thus  found  , 
draw  a  line  to  /.     Parallel  with  this  line,  draw  lines  through 
all  the  points  laid  off  along  line  ab. 

In  Fig.  2,  the  short  heavy  lines  are  drawn  parallel  to  the 
light  lines  and  represent  the  bottoms  of  the  threads.  Care 
should  be  taken  to  draw  these  lines  the  same  length,  as 
otherwise  the  drawing  will  present  a  ragged  appearance.  It 
is  well,  in  order  to  stop  these  lines  evenly,  to  draw  light 
pencil  lines,  as  through^  and  /,  at  a  distance  from  the  ■ 
lines  slightly  less  than  the  pitch  of  the  threads. 
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31.  When  drawing  Figs.  3  and  4,  the  verticals  supposed 
to  be  drawn  through  the  points  c  and  d^  locate  the  tops  of 
the  threads.  The  V  cuts  forming  the  threads  subtend  an 
angle  of  60°,  as  shown  in  Fig.  4,  and  may  be  conveniently 
drawn  with  a  30°-60°  triangle,  the  long  side  of  the  triangle 
being  against  the  T  square. 

In  drawing  the  threads  in  these  two  figures,  mark  off  the 
pitch  of  the  threads  on  one  side  of  the  figure,  as,  for  instance, 
from  c  downwards,  in  Fig.  3.  On  the  other  side  lay  off  a 
point  at  a  distance  of  one-half  the  pitch  below  d  and  to  the 
point  thus  located  draw  a  line  from  c,  Dra^w  lines  parallel 
with  this  line  from  the  other  division  points.  With  the 
30°-60°  triangle,  proceed  to  draw  from  each  point  so  marked 
off  as  many  sides  of  the  thread  as  possible;  then  complete 
the  outline  of  the  thread  by  reversing  the  triangle.  It  is 
advisable  to  draw  through  the  bottom  of  one  thread,  thus 
located,  a  line  parallel  with  the  side  of  the  bolt  in  order  to 
insure  uniformity  of  the  thread.  Make  the  lines  represent- 
ing the  tops  of  the  threads  heavy  and  those  representing  the 
bottoms  of  the  threads  light,  as  shown  on  the  plate.  Care 
should  be  taken  to  see  that  they  slope  in  the  same  direction, 
as  shown  on  the  plate,  for  in  Fig.  3  is  represented  a  left- 
hand  thread,  while  in  Fig.  4  is  shown  a  right-hand  thread, 
the  latter  being  the  same  as  shown  in  Figs.  1  and  2. 

The  method  of  drawing  the  V-shaped  threads  is  illustrated 
in  Fig.  27.  In  {a)  is  shown  the  relative  position  of  the 
triangle  and  the  T  square  in  drawing  one  half  of  the  thread, 
while  in  {b)  is  shown  the  triangle  reversed,  by  which  means 
the  outline  of  the  thread  is  completed.  It  will  be  observed 
that  no  vertical  limiting  line  is  required  in  this  case. 

Extreme  accuracy  in  drawing  these  conventional  designa- 
tions is  not  necessary,  for  if  the  diameter  of  the  bolt  is  given, 
the  dimensions  of  the  threads  are  determined,  since  all  bolts 
in  this  country  are  cut  according  to  the  United  States 
standard. 

32.  To  proceed  with  Figs.  5  and  fJ,  lay  out  the  vertical 
center    lines    ab    oA"   and    \\^",   resi>cctively,    from    the 
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right-hand  border  line.  Draw  the  horizontal  center  lines  <■/  in 
the  plan  of  each  figure  2%"  from  the  upper  border  line  and  lay 
off  in  each  view  the  line  ti/,  which  represents  the  under  sur- 
face of  the  niit,  5i"  from  the  upper  border  line.  From  g  as 
a  center,  in  each  case,  describe  the  li"  circle  that  represents 


Pig.  37 

the  bolt.  The  smallest  diameter  of  the  nut  is  across  the 
line  e/,  Fig.  6;  this  dimension  for  a  Ij"  nut  is  2",  so  that 
a  circle  having  this  diameter  should  be  described  in  pencil, 
about  the  center  g,  in  each  figure.  This  circle,  which  is 
partiaHy  shown  by  the  clotted  line  in  the  plan  in  Fig.  5,  is 
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necessary  in  order  that  the  hexas:on  may  be  constructed. 
In  circumscribing  the  hexagon  in  Fig.  6,  draw  the  two 
vertical  lines  j  k^  tangent  to  the  circle  at  e  and  /,  and  with  the 
60®  triangle  draw  the  lines  k  b  and /a  tangent  to  the  circle 
and  at  30°  with  the  horizontal.  This 'completes  the  hexagon 
in  Fig.  6;  the  one  in  Fig.  5  is  likewise  circumscribed  by 
drawing  the  horizontal  lines  m  «,  m  «,  tangent  to  the  circle, 
and  the  lines  em  and  fn  with  the  60°  triangle,  making  them 
tangent  to  the  circle  and  at  60°  with  the  horizontal.  The 
circles  on  which  the  hexagons  have  been  constructed  are  not 
necessary  in  the  drawing  and  may  be  erased. 

Having  drawn  so  much  of  the  plans,  project  downwards 
the  vertical  lines  rs  representing  the  outline  of  the  bolt  and 
the  lines  qc.pSyVd^  and  lo  from  the  corners  of  the  hexagon  in 
each  plan  view.  The  standard  nut  is  \\''  thick,  and  an  indefi- 
nite horizontal  line  containing  //  i  in  both  figures  may  be 
drawn.  The  arc  tu  in  each  view  may  be  described  by  the 
compasses  set  to  a  radius  equal  to  the  diameter  of  the  bolt, 
or  IV'.  In  the  plans,  from  the  point  gy  describe  the  circle 
concentric  with  the  bolt  and  i^''  from  the  hexagon  at  the 
nearest  point.  This  circle  represents  the  outline  of  the  flat 
circular  surface  of  the  top  of  the  bolt,  as  designated  by  the 
lines  h  i  in  each  view.  Project  the  diameter  of  the  circle 
just  drawn  and  locate  the  points  h  and  /,  and  from  these 
points  in  Fig.  5,  draw  the  45°  lines  iv  and  //  q.  By  drawing 
a  light  horizontal  line,  in  pencil,  from  q  to  Vy  which  need  not 
be  shown  in  the  drawing,  the  points  p,p  may  be  located;  the 
points  q,  /,  and  z/,  Fig.  6,  are  found  by  projecting  across 
from  the  point  v,  in  Fig.  5.  The  highest  points  of  the  arcs, 
as  at  Xy  Xy  in  each  view  are  located  -\^"  from  the  upper  hori- 
zontal line  //  i\  consequently,  we  have  three  points  through 
which  to  pass  an  arc,  which  may  be  described  as  explained  in 
Geometrical  Drawitig,  Having  located  the  centers  w,  w,  the 
several  arcs  may  be  described  and  the  slight  bevel  in  Fig.  6 
at  h  and  i  drawn;  also,  the  threads  on  each  bolt.  Unneces- 
sary construction  lines  may  be  erased  and  the  figures  finished. 

By  referring  to  Fig.  20,  which  is  described  under  the  heading 
Conventional  Representation  of  a  Nut,  it  will  be  observed 
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that  there  is  some  difference  between  this  figure  and  the 
plate.  Both  methods  of  designation  are  employed,  the 
conventional  representation  being  more  common  than  the  one 
shown  on  the  plate.  Complete  information  as  to  the  con- 
struction of  standard  bolt  heads,  nuts,  screw  heads,  etc.  is 
given  at  the  end  of  this  Section. 

33.  Proceed  with  Fig.  7,  which  offers  no  difficulty,  as  it 

is  completely  dimensioned,  and  all  that  is  necessary  to  know 
is  its  location  on  the  plate.  The  line  g-ii  in  the  lower  view, 
or  side  elevation,  is  li"  from  the  lower  border  line,  while  e/, 
the  extreme  right-hand  line  of  the  side  view,  or  elevation,  is 
9i"  from  the  right-hand  border  line.  The  line  A  i  in  the 
upper  view  should  be  41"  from  the  lower  border  line.  Sharp 
comers  are  always  avoided  in  eastings,  unless  called  for 
by  special  reasons;  corners  are,  therefore,  rounded  off.  In 
the  case  of  concave  comers,  the  patternmaker  often  resorts 
to  the  use  of  some  plastic  material,  such  as  putty,  etc.,  to  fill 
in  the  corner  so  as  to  round  it.  From  this  practice,  the 
rounding  out  of  a  concave  corner  is  called  a  fillet,  and  this 
term  has  come  to  be  applied  to  the  little  circular  arc  used  by 
the  draftsman  to  represent  it.  Several  of  these  fillets  are 
found  in  this  and  some  of  the  succeeding  views,  as  at  /,  k,  I, 
etc.  As  indicated  on  the  plate,  the  fillets  in  Fig.  7  are  to  be 
drawn  with  a  radius  of  i".  The  word  Cored,  found  in  this 
view,  implies  that  finish  is  unnecessary,  the  hole  being 
produced  by  a  core,  which  is  placed  in  the  mold  when 
the  casting  is  made.  In  case  it  is  desirable  to  have  the 
hole  finished,  the  word  Drill  is  placed  after  its  diameter, 
which  means  that  a  hole  is  to  be  put  through  the  object 
by  drilling. 

34.  To  draw  the  cbeek-wosber  shown  in  Fig,  8,  it  is 
necessary  to  draw  the  view  shown  in  (a),  or  the  side  eleva- 
tion, for  all  the  other  views  are  projections  from  this  and  have 
many  dimensions  that  are  foreshortened  by  the  projection. 

Commence  by  laying  off  the  horizontal  bottom  line  ed  li" 
«from  the  lower  border  line  and  then  locate  the  point  o,  which 
■ts  the  intersection  of  the  center  line  of  the  bolt  with  the 
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bottom  of  the  flange  on  the  line  cd.  This  intersection  is  %l" 
from  the  right-hand  border  line.  Draw  the  center  line  on 
with  the  triangle  at  an  angle  of  30"  with  the  horizontal,  and 
then  after  locating  the  points  c  and  d  lay  off,  from  the  latter, 
the  vertical  lines  cj  and  de  and  draw  the  horizontal  line  ej. 
This  finishes  the  lower  flange.  From  /,  with  the  6Q°-30° 
triangle,  draw  ji  lightly,  as  this  is  simply  a  dimension  line. 
The  diameter  of  the  boss,  or  the  distance  from £■  to  /in  (a), 
is  2i",  as  shown  in  view  [b).  The  bolt  hole  through  the 
washer,  shown  by  the  dotted  lines  in  views  [a)  and  (c), 
is  l!"  in  diameter,  as  marked  in  view  (b).  Draw  these 
dotted  lines  and  gr,  fk,  and  ge,  putting  in  the  necessary 
fillets.  This  practically  completes  view  (a),  so  that  it  is 
possible  to  lay  out  the  plan  shown  in  (ir).  The  Jower  flange 
e}cd\a  {a)  is  designated  in  view  {c)\>y  abed,  and  its  center 
line  ef  is  4i"  from  the  lower  border  line.  The  points 
/and^in  (a)  are  projected  to  fg  in  view  (c);  it  will  be  noted 
that  the  circular  face  of  the  boss  when  projected  is  fore- 
shortened considerably,  while  the  diameter  of  the  boss  on  the 
line  m  n  retains  its  true  dimension.  Thus,  the  circular  boss 
and  bolt  hole,  when  projected  to  the  plan,  is  elliptical. 
Likewise,  the  intersection  of  the  bolt  hole  with  the  lower  face 
of  the  flange,  as  at/?  in  view  {a),  is  elliptical,  as  shown  on 
the  plan,  because  it  is  the  oblique  section  through  a  cylinder. 
This  ellipse,  which  is  represented  by  dotted  lines  in  view  (t), 
is  constructed  on  its  major  and  minor  axes,  the  major 
axis  being  projected  from  the  view  («)  and  its  minor  axis 
being  equal  to  the  diameter  of  the  bolt  hole. 

The  three  ellipses  shown  in  view  (r)  can  readily  be 
drawn  by  the  methods  described  in  Geometrical  Drawing, 
and  in  fact  the  whole  view  is  a  practical  application  of  the 
principles  set  forth  in  connection  with  the  Drawing  Plates, 
titles:  Projections  11  and  Conic  Sections.  The  point  n  in  {a) 
may  be  projected  to  the  plan  {c)  and  the  line  mn  thus  found. 
As  this  is  the  center  line,  or  major  axis,  of  the  ellipse,  by 
marking  oS  on  it  the  distance  mtt  equal  to  the  diameter  of 
the  boss  and  projecting  the  points  g  and  /  from  the  same 
points  in  (a),  the  limiting  points  of  the  ellipse  are  foimd 
S4— aa 
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and  it  may  be  drawn.  The  bolt  hole  may  likewise  be  drawn 
in  the  plan  view  by  laying  off  on  the  line  mn  its  diameter 
central  with  the  line  e  f,  and  by  projecting  its  foreshortened 
width  from  the  side  view  (a).  The  elliptical  curve  n  may 
be  described  on  locating  the  points  r,  s,  and  s  by  project- 
ing these  points  from  the  side  view  at  (a),  and  the  rib, 
which  is  t"  in  thickness,  may  be  drawn  to  fiuish  view  (f) 
after  the  i"  fillets  at  e  and  ^  have  been  made.  Similar 
fillets  are  made  at  the  other  corners  of  tlie  washer.  View  (i) 
may  readily  be  projected,  its  center  line  nfheing  located  3j" 
from  the  face  of  the  boss  s^/  in  view  (a). 

View  (d)  is  equally  as  simple  and  may  be  projected  from 
view  (a)  in  the  same  manner  as  view  (c).  It  should  be 
noticed  that  in  views  (6)  and  (</)  the  sides  of  the  boss  at 
m  and  n  are  connected  with  the  flange  fh.  A  side  view  of 
this  feature  is  seen  at  (a),  where  its  front  edge  is  indicated 
by  the  letter  t'.  Add  this  line  to  view  {a)  by  drawing  a 
line  parallel  with  line  ^/  from  the  axis  no  to  the  flange, 
rounding  it  off  with  a  i"  fillet  at  the  top.  In  views  (d)  and 
((/)  the  connection  of  the  boss  with  ihe  flange  is  indicated  by 
lines  drawn  from  points  n  and  m  at  right  angles  to  the 
flange.  The  lines  of  projection  may  be  omitted  or  they 
may  be  designated  on  the  drawing  by  very  hght  or.  pref- 
erably, dotted  lines. 

Block  out  the  title  and  ink  in  the  plate  carefully,  placing 
on  the  drawing  all  notes  of  reference  and  notes  designating 
the  scale,  etc.,  leaving  ont,  as  is  usual,  all  the  reference 
letters,  and  if  so  desired  the  construction  lines,  though  the 
projection  lines  in  Fig.  8  may  be  put  in. 


DRAWING  PLATE,  TITLE:  BEAM  CONNECTIONS 

35.  This  plate  shows  the  details  for  I-beam  conuee- 
tlons  of  the  several  sizes  usual  in  building  construction. 
These  connections  are  the  ones  usually  employed  in  steel 
construction  by  the  mills  and  construction  companies.  They 
are  so  designed  as  to  be  sufficiently  strong  to  resist  the  down- 
ward pressure  at  the  ends  due  to  the  safe  load  supported 
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by  the  beam,  provided  that  the  span  of  the  beam  is  Dot 
unusually  short. 

Fig.  1  shows  the  connection  angles  bolted  to  a  15" 
42*  beam.  It  would  be  well  to  lay  out  the  I-beam  sec- 
tionaifrfin  the  end  view  first,  and  in  drawing  this  figure, 
draw  the  center  line  el  li-J''  from  the  left-hand  border  line, 
while  the  top  line  of  the  section  may  be  marked  off  li"  from 
the  top  border  line. 

The  several  dimensions  of  the  beam  section  are  not  given, 
for  practically  the  weight  of  the  beam  per  foot  determines 
them.  The  beam  section  abed  should  be  laid  out  according 
to  the  dimensions  given  in  Fig.  26.  In  practice  the  neces- 
sary dimensions  will  be  found  in  the  catalogue  of  the  maker 
whose  beams  are  to  be  used.  This  drawiug  is  to  be  made 
to  a  scale  o£  3"  =  1'. 

The  dimensions  found,  on  the  various  sections  in  Fig.  26, 
near  the  corners  and  fillets,  together  with  a  small  arrow, 
indicate  the  radius  of  the  curve  at  that  plaf  e.  For  instance, 
at  the  upper  left-hand  corner  of  the  1.5"  60  #  I  beam  the 
dimension  i"  refers  to  llie  radius  with  which  the  comer  is 
roimded  off.  The  »"  at  the  inside  corner  is  the  radius  of 
the  fillet  at  that  place,  while  the  W"  at  the  right-hand  corner 
indicates  the  distance  from  the  upper  .side  of  the  flange  to 
the  point  of  intersection  of  the  lines  indicating  the  lower 
side  of  flange  and  the  right-hand  side  of  same. 


36.  When  these  fillets  are  shown  in  side  view,  as  in  the 
side  elevation  in  Fig.  1,  it  should  be  noticed  that  each  one 
is  indicated  by  a  line.  Strictly  speakin'g,  there  should  be  no 
line,  as  the  rounded  corner  would  have  no  limiting  lines, 
but  in  structural  drawing  it  is  customary  to  leave  the  fillets 
out  of  consideration  in  a  side  view  of  same  and  to  suppose 
a  sharp  corner.  The  location  of  this  comer  will  be  at. the 
line  of  intersection  of  the  two  adjoining  surfaces,  as  shown 
at  the  point  k  in  the  end  view.  The  reason  for  showing  a 
fillet  in  this  manner  is  the  necessity  of  having  a  definite 
point  from  which  to  measure  distances,  when  beams  are 
connected  with  other  structural  parts  that  occupy  positions 
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in  or  near  the  f:llets.  The  several  dimensions  of  the  connec- 
tions when  the  size  and  weight  of  the  beam  or  rolled  shape 
are  known  can  be  obtained  from  the  handbooks  of  the 
various  rolHng  mills,  as  they  usually  contain  dimensioned 
sections  of  the  standard  shapes.  The  dimensioned  sections 
for  the  different  rolled  shapes  shown  on  these  plates  are 
given  in  Fig.  26. 

The  section  of  the  I  beam  in  the  left-hand  view  of  Fig.  1 
having  been  completed,  the  connecting  angles,  which  are 
4"  in  width,  should  be  marked  off  and  drawn  and  the  center 
lines  for  the  bolt  holes  laid  out  and  the  holes  described.  In 
all  structural  work  the  dimensions,  wherever  possible,  should 
be  given  from  center  lines,  and  rivet  and  bolt  holes  should 
always  be  located  by  center  lines.  The  distance  jA  locating 
the  vertical  center  lines  of  the  rivet  holes  from  the  bacfe  of 
the  angles,  is  the  standard  distance  employed  by  most  steel 
mills  for  this  size  angle. 

The  right-hand  view  in  Fig.  1,  which  is  a  side  elevation, 
may  be  drawn  by  projecting  the  edges  of  the  beam  from  the 
sectional  view,  the  back  of  the  angle,  or  the  extreme  left- 
hand  line,  being  41"  from  the  left-hand  border  line.  It  will 
be  noticed  that  the  connection  angles  are  extended  forward 
from  the  end  of  the  beam  i"  so  that  when  the  angles  are 
bolted  against  the  supporting  beam  they  will  fit  against  it 
square  and  not  be  kept  away  by  the  projecting  end  of  the 
beam,  which  may  be  cut  somewhat  roughly. 

All  nuts  and  bolt  heads  are  square  in  this  class  of  con- 
struction, and  after  the  angles  have  been  laid  out  in  this 
view  the  bolts  may  be  designated,  as  shown,  and  dimen- 
sioned. It  is  not  usual  to  show  the  one  row  of  bolts  in  the 
end  view,  as  done  here,  but  in  order  to  make  the  con- 
struction clear  they  should  be  designated  oo  the  plate 
in  this  particular  figure. 

37t  Fig.  2  shows  the  connection  of  a  12"  I  beam  to 
one  15"  in  depth.  This  type  of  joint  is  the  one  that  is 
always  used  in  the  construction  of  steel-beam  floor  systems 
and  is  the  standard  connection  for  the  sizes  of  beams  shown. 
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Id  drawing  Fig.  2,  mark  ofE  the  vertical  center  line  ed  liV' 
from  the  right-hand  border  line  and  the  center  line  ab  GiV" 
from  the  same  border  line,  while  the  top  line  ef  of  the 
15"  beam  is  located  W"  from  the  top  border  line. 

After  having  drawn  the  beams  and  connecting  angles  in 
position,  the  bolts  and  bolt  holes  may  be  located  according 
to  the  dimensions  given,  working,  as  before,  from  center 
lines.  It  will  be  noticed  that  the  bolt  holes  in  the  15"  beam 
are  shown  solid  black;  this  is  done  to  show  that  the  bolts 
and  rivets  are  put  in  place  or  driven  when  the  work  is 
erected,  in  which  case  they  are  called  field  bolts  or  rivets. 

38.  Fig.  3  shows  a  sbeet-steel  separator  bolted 
between  two  15"  I  beams.  These  separators  are  used  where 
it  is  necessary  to  employ  two  beams  side  by  side,  and  they 
cause  the  beams  to  act  in  unison  under  the  load.  In  this 
figure,  the  vertical  center  line  a^  of  the  left-hand  beam 
section  is  located  lis"  from  the  leU-hand  border  line,  while 
the  lower  line  of  the  flanges  of  the  beams  is  2"  from  the 
lower  border  line.  The  beams  have  the  same  section  as  the 
one  shown  in  Fig.  1  and  when  placed  side  by  side  measure 
across  the  flanges  Hi",  when  a  i"  space  is  left  between 
them.  The  side  view  of  the  right-hand  portion  of  the  figure 
shows  the  separator  dotted,  the  center  line  elol  the  bolt 
holes  being  located  6a"  from  the  left-hand  border  line.  This 
dotting  in  of  the  separator  would  not  usually  be  done  in  a 
working  drawing,  as  the  separators  are  all  made  in  ^^^.^ 
standard  sizes,  and  a  note  on  the  drawing  to  this  M^^i 
effect  is  sufficient.     The  separator  was   shown   in     ^^^B 

,    this  case,  however,  in  order  to  make  this  detail  of  ^^^H 

construction   clear.     The   figure   may  be   finished  VMjL 

without   difficulty   and,    if   so   desired,    the    shade  ^^Ml 
lines  introduced  as  shown.     In  order  that  a  cor- 
rect idea  of  the  appearance  of  the  separator  may 

be  obtained,  a  perspective  view  of  one  is  given  in  Fig.  28. 

39.  Fig.  4  shows  the  connection  of  an  8"  beam  to  one 
15"  in  depth.  This  connection  differs  somewhat  from  the 
CODStruction  shown  io  Fig.  2  in  that  the  beams  are  fiush  on 
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top  and  the  connection  is  riveted  and  not  bolted.     When 
beam  connection  has  the  flanges  of  the  two  beams  flush,  it 
necessary  to   cut   the   auxiliary  beam,  as  shown  at  efg.  i 
that  its  web  will  fit  under  the  flange  of  the  principal  beam, 
and  the  angle  connection  can  be  made  rigid.     In  drawing 
this  figure,  lay  out  the  verlica!  center  line  cd  of  the  15"  beam 
ItV'  from  the  right-hand  border  line  and  the  vertical  center, 
line  a  i  of  the  8"  beam  6A"  from  the  same  border  line; 
bottom  line  h  i  of  the  15"  beam  should  be  made  2"  from 
bottom    border   line.     The  figure    may   then  be  completed 
from  the  dimensions  given  and  the  lines  laid  down  on  the 
plate.     The  plate  having  been  finished  in  pencil,  the  lines 
may  be  inked  and  the  dimensions  and  notes  placed  on  the 
sheet,  thus  completing  the  drawing. 
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DRAWING  PLATE,  TITLE:  TENSION  MEMBERS 
AND  PINS 

40.  This  plate  shows,  in  detail,  the  teBston  bars  and 
rods  commonly  used  in  both  steel  and  wooden  structures. 
These  bars  are  used  for  resisting  tension  alone  and  are 
nearly  always  connected  to  the  other  members  of  the 
structure  by  bolts  or  pins.  The  form  of  pin  used  is  shown 
in  Figs.  6  and  7. 

41.  Pig.  1  is  known  as  a  tension  bar  and  is 
designed  that  the  bar  around  the  pinholes,  as  the  hole  i 
either  end  is  called,  will  have  at  least  40  per  cent,  more 
strength  than  the  bar.  Commence  the  drawing  of  the  s 
view  of  the  bar  in  Fig.  1  by  laying  out  the  center  line  ai  3 
from  the  top  border  line  and  draw  the  vertical  cente 
line  f/of  the  left-hand  pinhole  li3"from  the  left-hand  h 
line,  laying  out  the  center  line  gk  9'  5i"  to  scale  from  e 
Having  thus  obtained  the  centers  for  the  pinholes,  draw,  ■ 
scale,  the  4l"  circles  that  represent  these  holes,  and  from  I 
same  centers  draw  the  outline  of  the  bar;  the  outer  c 
should  have  a  diameter  of  lOj".  Now  draw  the 
representing  the  width  of  the  bar  and  connect  these   : 
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and  the  circle  forming:  the  end  of  the  bar  with  a  curve  hav- 
ing a  radius  of  lOi^^  Whenever  two  curves  or  a.  curve  and 
a  straight  line  join  in  this  manner,  their  point  of  juncture  is 
found  as  follows:  unite  the  centers  /  and  m  with  a  straight 
line,  then  the  junction  of  the  curves  kn  and  kbg  must  be  on 
this  line  at  point  k.  Each  curve  is  therefore  continued  up  to 
this  line  and,  if  drawn  correctly,  they  should  intersect  line  kl 
at  the  same  point.  Curve  k  ti  is  joined  to  the  underside  of 
the  tension  rod  at  the  point  where  the  perpendicular  In  inter- 
sects the  latter.  None  of  these  construction  lines  need  be 
shown  on  the  plate.  The  edge  view  of  the  bar  is  quite 
simple  and  requires  no  explanation.  The  top  line  ij  is 
located  Z^"  from  the  top  border  line. 

42.  Fig.  2  shows  a  type  of  tension  bar  that  is  used 
for  lighter  work.  It  is  provided  with  a  tumbuckle  at  the 
center  so  that  after  the  member  is  in  place  in  the  structure, 
the  turnbuckle  can  be  tightened  and  the  distance  between 
the  centers  of  the  eyes  at  the  end  of  the  bar  reduced.  By 
this  means  the  bar  may  be  drawn  taut,  or  given  an  initial 
tension,  and  kept  so.  In  laying  out  this  figure,  draw  the 
horizontal  center  lines  ab  and  cd  oi  the  views  Ai'^  and  5i-i'', 
respectively,  from  the  top  border  line.  The  vertical  center 
line  ^/  is  drawn  l^V  from  the  left-hand  border  line.  Having 
the  center  of  the  pin  thus  located,  the  circle  representing  it 
may  be  drawn  with  a  IJ"  radius  and  section-lined  to  desig- 
nate wrought  steel,  as  shown.  The  bar,  which  is  V  square, 
and  the  loop  at  either  end  may  now  be  laid  out  in  the  upper 
portion  of  the  figure. 

The  side  view  of  Fig.  2  shows  an  outside  view  of  the 
turnbuckle  while  the  lower,  or  edge,  view  shows  a  section 
through  the  turnbuckle.  Turnbuckles  are  made  in  standard 
sizes  so  that  the  dimensions  of  this  detail  on  such  a  draw- 
ing are  not  important  for  the  reason  that  when  the  note 
''standard  ll['  tumbuckle"  appears,  it  is  understood  that 
it  will  be  of  the  usual  dimensions  as  manufactured.  The 
principal  dimensions  are,  however,  given  in  Fig.  2  and 
CO    diflBculty    should    be    experienced    in    laying    out    the 
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turobuckle  in  both  views  and  showing  the  swelled,  or  upset, 
ends  on  the  rods  engaging  with  the  tumbuckle,  as  shown 
on  the  plate. 

43.  Figr.  3   shows   a  heavy  2}"   square  tension   rod 

that  is  upset  on  either  end  to  a  3i"  round,  and  threaded. 
It  will  be  noted  that  the  right-  and  left-hand  ends  are 
threaded  right-  and  left-handed,  respectively,  so  that  as  the 
bar  is  turned,  the  distance  between  the  centers  of  the  pin- 
holes in  the  forgings  can  be  increased  or  diminished  as  may 
be  desired.  These  forgings  are  clevises,  and  the  arrangement 
of  the  bar  is  lo  accomplish  the  same  purpose  as  the  tum- 
buckle shown  in  Fig.  2.  The  clevis,  however,  is  provided 
so  that  a  tension  bar  can  be  connected  to  the  same  pin 
between  the  prongs  of  the  clevis.  Commence  the  figure  by 
laying  off  the  horizontal  line  ab  l\i"  from  the  upper  border 
line,  and  lay  out  the  vertical  center  lines  ef  and  ^A  in  the 
same  manner  as  in  the  other  figures.  These  clevises,  like 
the  turnbuckles,  are  standard  forgings  and  are  usually 
manufactured  to  the  same  dimensions  for  the  same  size  rod. 
The  several  dimensions  give  all  the  data  required  to  lay  out 
the  detail  at  the  end  of  the  rod.  Only  one  view  of  the  ten- 
sion rod  is  given,  because  the  clevis  at  one  end  is  shown 
turned  at  right  angles  with  that  at  the  Other  end,  thus  show- 
ing both  sides  of  this  detail. 

44.  Fig.  4  shows  a  round  tension  bar  simply  upset 
at  the  end  to  Si"  in  diameter  and  provided  with  hexagon 
nuts.  This  bar  would  usually  be  employed  in  a  framed 
timber  structure,  or  occasion  might  arise  where  it  would  be 
used  in  steel  construction.  The  horizontal  center  line  a*  is 
located  9i"  from  the  upper  border  line.  In  dimensioning 
this  rod  the  distance  is  usually  given  from  the  inside  face  of 
the  nuts;  consequently,  locate  the  rod  so  that  the  lines  ed 
and  gh  io  the  left  and  right  of  the  figure  are,  according  lo 
scale,  9'  5j"  apart  with  cd  located  lif"  from  the  left-band 
border  line. 

Before  laying  out  the  hexagon  nuts  at  either  end,  it  would 
be  well  to  construct  the  view  shown  at  the  center  where  the 
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rod  has  been  broken  to  admit  it.  This  view  is  laid  out  so 
that  the  center  line  ^/  is  coincident  with  the  Iqng  diag^onal 
of  the  hexagfon  nut.  This  being:  the  case,  the  hexagon  nut 
at  the  left  can  be  projected  from  this  view,  but  the  one  at 
the  right  must  be  laid  out  by  taking  the  short  diameter  of 
the  hexagon,  which  is  5". 

45.  Fig.  5  shows  an  open  turnbuckle,  which  is  much 
used  in  building  construction.  This  type  of  tumbuckle  has 
the  advantage  that  it  may  be  tightened  up  by  turning  with  a 
rod  inserted  through  it  for  a  lever,  and  does  not  require  a 
wrench,  which  would  be  necessary  in  tightening  the  tum- 
buckle shown  in  Fig.  2.  The  horizontal  center  line  a^  is 
located  lA^^  from  the  lower  border  line.  In  laying  out  the 
figure,  follow  the  dimensions  given. 

46.  Figs.  6,  7,  and  8  can  be  drawn  on  coincident 
center  lines.  Fig.  6  represents  a  pin  with  a  shallow 
hexagon  nut  at  either  end.  This  drawing  can  readily 
be  made  from  the  dimensions  given.  It  will  be  noted 
that  the  end  of  the  pin  is  i^^  from  the  left-hand  border 
line,  while  the  center  line  cd  in  the  end  view  is  3A''  from 
the  same  line.  The  longitudinal  center  line  is  a  con- 
tinuation of  a  b,  Fig.  5. 

47.  Fig.  7  shows  a  detail  of  the  hexagon  nuts  used 
in  Fig.  6.  Where  a  number  of  compression  and  tension 
members  are  held  by  a  pin,  it  is  difficult,  on  account  of  the 
variation  in  the  thickness  of  the  metal  used  in  their  con- 
struction, to  dimension  the  pin  so  that  the  ordinary  form  of 
nuts,  when  screwed  up  in  place,  will  hold  the  members  tightly. 
Consequently,  a  nut  has  been  devised  that  is  countersunk  on 
the  face  so  that  a  variation  of  -k'^  or  \"  will  not  prevent 
the  nuts  from  being  turned  up  and  holding  the  members 
snugly  on  the  pin.  The  section  of  the  nut  shown  in 
Fig*  7  gives  all  the  detail  on  the  end  of  the  pin  and  shows 
clearly  the  construction.  The  center  line  cd,  showing  the 
end  view  of  the  nut  and  pin  in  Fig.  7,  is  located  A^"  from 
the  right-hand  border  line,  while  the  shoulder  ef  oi  the  pin 
is  3-iV  from  the  same  line. 
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48,  Fig,  8  shows,  in  section,  a  pilot  nnt  that  is 
screwed  on  the  end  of  a  pin  so  as  to  protect  the  screw 
threads  when  the  pin  is  being  inserted  through  the  pinholes 
of  the  members  to  be  connected.  As  its  iiame  implies,  it 
pilots  the  pin  to  place,  and  when  the  pin  is  in  place  it  is 
removed  and  the  nut  screwed  on.  as  shown  in  Figs.  6  and  7. 
The  shoulder  cd  oi  the  pin  is,  in  this  instance,  liV'  from  the 
right-hand  border  line.  All  the  figures  having  been  laid  out 
in  pencil,  they  should  be  carefully  inked  in  and  the  dimension 
lines  and  notes  inserted  as  usual.  The  title  and  subscription 
are  then  placed  on  the  plate,  as  shown. 


DRAWING  PLATE,  TITLE:   RIYET  WORK 

49,  On  this  plate  is  shown  the  method  of  drawing  a  rivet 
and  various  forms  of  riveted  Joints.  Fig.  1  represents  a  J" 
rivet,  drawn  full  size.  The  various  dimensions  of  the  rivet 
are  given  in  the  figure.  G  is  the  grip  of  the  rivet;  this  is 
equal  to  the  thickness  of  the  material  through  which  it 
passes.  In  the  drawing,  this  dimension  is  assumed  to  be 
\-h"-  The  upper  head  of  the  rivet  is  of  the  u.sual  hemi- 
spherical form,  while  the  lower  head  has  the  form  of  the 
frustum  of  a  cone.  The  former  is  called  a  round  head,  or 
full  head,  and  the  latter  a  coitntcrsttnk  head,  it  being  counter- 
sunk into  the  surrounding  material.  The  portion  of  a  rivet 
included  between  the  two  heads,  and  which  is  approximately 
cylindrical  in  form,  is  called  the  item  of  the  rivet. 

DIMENSIONS    OF    BIVET    HEADS 

50.  The  relative  dimensions  of  rivet  lieads  vary  some* 
what  in  the  practice  of  different  sliops,  but  the  round  head  is 
almost  invariably  a  spherical  segment,  slightly  less  than  a 
hemisphere.  For  the  rivet  heads  on  this  plate,  the  follow- 
ing relative  dimensions  will  be  used,  taking  the  results  to 
the  nearest  aV. 

For  round  heads: 

Diameter  of  head  =  ll  X  diameter  of  rivet  +  i"  =  Z) 
Depth  of  head  =  .45  D 
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For  countersunk  heads: 

Depth  of  head  =  i  diameter  of  rivet 
Bevel  of  head  =  60° 

When  not  otherwise  indicated  on  the  drawings,  all  rivets 
are  to  be  driven  in  the  shop  with  round  heads.  But  it  is 
sometimes  necessary  that  a  rivet  head  shall  be  countersunk, 
or  that  it  shall  be  flattened,  or  that  the  rivet  hole  shall 
be  left  vacant  in  the  shop  in  order  that  some  connection  can 
be  made  between  different  parts  when  the  structure  is  bcinjf 
erected. 

SAop  rivets  is  the  name  given  to  rivets  driven  m  the  shop. 

Field  rivets  is  the  name  given  to  rivets  left  to  be  driven 
during  the  erection  of  the  structure,  or  **in  the  field.*'  Holes 
for  field  rivets  are  shown  vacant  on  the  drawings.  In  order 
that  the  manner  in  which  each  rivet  is  to  be  treated  can 
be  plainly  and  easily  designated  on  the  drawing,  a  code 
of  conventional  rivet  signs  is  used. 


CODE  OF  rivj:t  signs 

51«  In  Fig.  29  is  shown  Osborn's  code  of  conventional 
signs  for  structural  rivets,  which  has  been  adopted  by  nearly 
all  the  leading  bridge  and  structural  steel  companies,  and 
consulting  and  architectural  engineers. 

The  basis  of  this  system  of  conventional  signs  consists  of 
the  open  circle  to  represent  a  shop  rivet,  and  the  blackened 
circle  to  represent  a  field  rivet,  the  diagonal  cross  to  indicate 
a  countersunk  head,  and  the  vertical  stroke  to  indicate  a 
flattened  head.  The  position  of  the  diagonal  lines  with 
reference  to  the  circle  (inside,  outside,  or  Ijoth)  inclicates 
whether  the  rivet  head  is  countersunk  into  the  inside,  rnit- 
side,  or  both  sides  of  the  material.  Similarly,  the  numlicr 
and  position  of  the  vertical  strokes  indicate  tho  height  and 
position  of  the  flattened  head.  Any  combination  of  shop  or 
field  rivets,  with  full,  countersunk,  or  flattened  heads,  can  be 
readily  indicated  by  the  proper  combination  of  these  signs. 
The  diagonal  cross  indicates  not  orJy  that  the  rivet  head  is 
to  be  countersunk,  but  that  it  is  also  to  be  chipped  off  even 
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with  the  surrounding  material;  if  the  rivet  is  to  be  coiinter- 
sunk  but  not  chipped,  the  sigfu  to  countersink  may  be 
combined  with  the  gi^^n  to  flatten  to  i^^ 

CONVBNTIONAL  SlONS  FOR  STRUCTURAL  RZVBTS 


Two  full  heads 


Countersunk  inside  and  chipped 


Countersunk  outside  and  chipped 
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Flatten  to  i"  high  or  countersunk 
and  not  chipped 

Flatten  to  i'^  high 


Flatten  to  i''  high 
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52.  Figs.  2  to  9,  inclusive,  show  different  forms  of 
riveted  joints.  Figs.  2  to  5,  inclusive,  represent  shop  rivets 
with  full  heads,  while  Figs.  6  to  9,  inclusive,  represent 
different  combinations  of  shop  and  field  rivets,  with  full, 
flattened,  and  countersunk  heads.  In  the  case  of  simple  flat 
joints,  like  the  joints  shown  in  these  figures,  the  froni  side, 
or  the  side  that  is  seen,  is  considered  as  the  outside^  while 
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the  rear  side,  or  the  side  that  is  invisible,  is  considered  as  the 
inside.  It  will  be  noticed  that  when  the  side  view  of  a  rivet 
having  a  countersunk  head  is  shown,  the  stem  of  the  rivet 
and  the  countersunk  head  are  shown  dotted,  thus  distinguish- 
ing the  form  of  the  rivfet  through  the  material  that  it  con- 
nects. If  neither  head  of  the  rivet  is  countersunk,  the 
stem  is  not  represented,  as  the  positions  of  rivets  having 
full  or  flattened  heads  are  indicated  sufficiently  by  the  posi- 
tions of  the  heads.  The  side  views  of  vacant  rivet  holes  are 
shown  blackened. 

When  rivet  heads  are  shaded,  which  is  seldom  done  in 
practice,  they  are  usually  shaded  in  the  manner  shown  in 
these  figures,  the  outer  arc  of  the  shading  being  rather 
heavy  and  about  a  semicircumference  in  length,  while  the 
inner  arc  is  lighter  and  less  than  a  semicircumference  in 
length.  When  a  rivet  is  shown  with  a  full  head  on  the  out- 
side, but  countersunk  or  flattened  on  the  inside,  the  usual 
shading  for  the  full  head  cannot  be  shown  without  detract- 
ing from  the  clearness  of  the  countersunk  or  flattening  signs. 
In  such  cases  the  head  may  be  shaded  as  though  it  were  a 
flattened  head. 

Fig.  2  is  a  single-riveted  lap  Joint  and  Fig.  3  is  a 
double-riveted  lap  Joint.  Fig.  4  is  a  slngle-rlveted  butt 
Joint  with  a  single  connecting  plate.  The  1'^  X  f '^  X  5'^  plate 
that  connects  the  two  main  plates  is  called  a  butt  strap, 
splice  plate,  or  cover-plate.  Fig.  5  is  a  single-riveted 
butt  joint,  having  double  butt  straps.  Figs.  6  and  7  are 
double-riveted  butt  joints  having  double  butt  straps.  The 
general  arrangement  of  the  rivets  in  regular  and  continuous 
rows  shown  in  Fig.  6  is  called  chain  riveting,  and  the 
alternating  arrangement  shown  in  each  main  plate  of 
Figs.  7,  8,  and  9  is  designated  as  zigzag  riveting,  or 
staggered  riveting.  Fig.  8  is  a  trlple-rlveted  butt 
joint,  having  double  butt  straps  with  staggered  rivets. 
Fig.  9  is  a  somewhat  similar  form  of  joint  that  gives  greater 
economy  of  material  in  certain  cases.  In  this  joint,  the 
lower  rivet  is  shown  countersunk  on  both  sides,  but  chipped 
oflE  even  on  one  side  only;  that  is,  it  is  shown  countersunk 
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on  both  sides  and  is  also  shown  flattened  to  i"  on  the  out- 
side and  chipped  on  the  iiiside. 

Before  proceeding  to  draw  Fig,  10,  which  is  the  plan  and 
elevation  of  a  p!ate  girder,  the  student  should  familiarize 
himself  with  the  names  and  purposes  of  the  several  parts,  as 
given  in  the  following  description. 

53.  Definitions. — Referring  to  Fig,  30,  which  is  a  per- 
spective view  of  the  girder,  the  angles  n,  a  are  the  Uange 
angles,  the  upper  pair  forming  the  top  chords,  and  the 
lower  pair  the  bottom  t-hords  of  the  girder.  Connecting 
these  chords  is  the  wcb-plate  d,  while  the  vertical  angles 
c.d.e  are  known  as  stirfeuers.     The  latter  are  required  at 


the  ends  of  the  girders  at  c  and  ^  for  the  purpose  of  streng- 
ening  the  web  at  the  points  where  the  girder  is  supported. 
The  paoklue  pieces  /,  /  are  commonly  called  fillers,  from 
the  fact  that  they  are  used  to  fil!  a  space  otherwise  open. 
which  is  undesirable  where  a  compactly  built-up  part  is 
required.  A  flat  surface  is  thus  afforded  for  the  angle 
stiffeners,  so  thai  they  will  ride  over  the  flange  angles  and 
still  be  rigidly  secured,  by  rivets,  to  the  web-plate.  The 
angle-iron  clips  fi.  h  are  for  the  support  of  the  wooden 
floorbeams  that  extend  from  girder  to  girder.  These  clips 
are  shown  connected  with  field  rivets  in  order  that  the  beam 
may  be  put  in  place  with  greater  ease  and  the  clips  then 
either  bolted  or  riveted.  As  the  web-plate  shown  in  the 
plate  is  not  usually  manufactured  in  lengths  greater  than 
45  ft.,  it  is  necessary  to  splice  the  web;  the  most  convenient 
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point  at  which  the  splice  can  be  located  is  at  the  center, 
the  vertical  shear  being:  zero  at  this  point.  Since  the 
bending  moment  increases  toward  the  center,  flang^e 
plates  /  are  added  to  afford  sufficient  strength,  and  enough 
rivets  are  placed  at  the  end  of  each  flange  plate  to  equal  in 
resistance  their  net  strength. 

54,  The  girder  shown  in  Fig.  10  is  for  a  span  of  60  ft. 
The  upper  edge  a^  of  the  flange  angles  is  laid  off  2f«''  from 
the  lower  border  line  and  the  center  line  cd  oi  the  plan  view 
is  3}''  from  the  same  line.  The  outer  face  of  the  angle  A, 
forming  one  end  of  the  end  stiffeners,  is  laid  off  J''  from  the 
left-hand  border  line,  while  the  broken  line  to  the  right  of 
the  view  is  laid  off  J''  from  the  right-hand  border  line. 

As  this  girder  is  to  be  attached  to  columns  whose  centers 
are  60  ft.  apart,  due  allowance  must  be  made  for  the  thick- 
ness of  the  columns,  web-plate,  and  angles.  In  this  case, 
the  web-plate  of  the  column  and  the  angles  riveted  to  the 
web-plate  are  both  S''  thick,  and,  consequently,  the  back  of 
the  stiffening  angles  at  the  end  of  the  girder  should  be  iV' 
from  the  center  line  of  the  column.  The  given  distances  of 
the  center  lines  of  the  rivet  holes  from  the  backs  of  the  angles 
are  the  standard  distances  recommended  by  the  steel  mills. 

The  view  shown  at  /?  is  a  section  of  the  girder  along  the 
line  ef.  It  is  customary  in  structural  work  to  blacken  the 
section  of  rolled  shapes  and  plates,  leaving  a  narrow  light 
line  so  that  the  separate  pieces  may  be  distinguished;  4" 
clearance  is  usually  allowed  between  the  edges  of  the  web- 
plate  and  the  back  of  the  flange  angles  and  end  stiffeners  in 
order  to  allow  for  the  imevenness  incident  to  the  shearing 
of  the  plate.  All  dimensions  being  given,  no  diflBculty 
should  be  experienced  in  completing  the  plate. 


STRUCTURAL  DRAFTING 


DRAWING    PLATE,    TITLE:    FOUNDATION    ANO  ] 
DETAILS  FOB  CAST-IRON  COLUMNS 

55.  Fig.  1  of  this  plate  shows  the  elevation  and  partial 
plan  of  a  ln-U*k  foundation  pltr  having  a  concrete  footing 
and  supporting,  on  a  granite  capstone,  a  cast-iron  column 
base  sustaining  the  lower  end  of  the  superimposed  column. 
Fig.  2  shows  a  type  of  cast-iron  column  that  may  be  used  in 
the  better  class  of  mill,  warehouse,  or  storehouse  construc- 
tion. The  base  supporting  this  column  differs  considerably 
in  form  from  that  shown  in  Fig.  1,  The  column  is  neatly 
molded  at  the  foot  and  has  at  the  top  a  filleted  abacus  Cand 
crown  mold  D.  The  top  of  the  column  is  arranged  to  support 
20"  steel  I-beam  girders  and,  perpendicular  to  the  direction 
of  the  girders,  heavy  wooden  beams, 

56.  In  proceeding  with  the  plate,  commence  Fig.  1 
by  drawing  the  center  lines  ab  and  cd  1-A"  and  4tV'  from 
the  top  and  left-hand  border  lines,  respectively.  Draw 
horizontal  lines  representing  the  thickness  of  the 
the  courses  of  the  brickwork,  together  with  the  gr; 
capstone  and  the  height  of  the  cast-iron  base,  commencing 
with  the  bottom  horizontal  line  ef  oi  the  concrete  fooling  li" 
from  the  bottom  border  line.  The  several  dimensions  in  the 
width  of  the  concrete  footing,  the  courses  of  brick,  and 
the  granite  capstone  should  be  laid  off  central  with  the 
vertical  center  line,  and  the  outline  of  the  pier  thus  deter- 
mined. The  plan  of  the  concrete  and  the  brick  pier 
now  be  drawn,  and  since  the  pier  is  square  the  dimensii 
given  in  the  elevation  can  be  used  in  laying  out  the 
plan.  The  plan  of  the  cast-iron  column  and  base  is  ch 
shown,  and  in  drawing  it  the  dimensions  given  in 
elevation  should  be  followed.  When  the  plan  has 
drawn,  the  ribs,  or  webs,  which  are  triangular  in  shape 
on  the  diagonal,  can  be  projected  from  the  plan.  The  pr< 
tion  lines,  however,  need  not  be  shown  on  the  drawing, 
will  be  observed,  from  the  detail  of  the  cast-in 
the  top  fiange  is  circular,  while  the  bottom  f!an 
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and  has  a  raised  rim  around  the  outer  eds:e;  this  rim 
strens:thens  or  reenforces  the  flange.  It  will  also  be  noticed 
that  the  corners  are  rounded,  for  the  reason  that  square 
comers  of  a  base  plate,  under  heavy  pressure,  are  of  little 
value  and  are  liable  to  be  broken. 

67.  In  drawing  Fig.  2,  lay  out  the  center  lines  ab 
and  cd  6iV'  and  2iV',  respectively,  from  the  right-hand 
border  line.  The  base  line  ^/  in  the  left-hand  portion  of 
Fig.  2  is  located  li''  from  the  bottom  border  line.  Having 
located  this  line,  it  would  be  advisable  to  draw  all  the  horizon- 
tal lines  of  the  columns,  such  as^^,  ij\  kl.mn,  op,  etc.  There 
is  no  difficulty  in  laying  out  these  lines,  as  all  the  dimensions 
are  given  to  the  left  of  the  figure.  The  various  details  of 
the  flanges,  ribs,  brackets,  and;  molding  can  be  drawn  from 
the  dimensions  marked  on  the  plate  to. a  scale  of  \\"  =  1'. 
Having  completed  the  left-hand  view  of  the  figure,  the  right- 
hand  view  may  be  projected  across,  and  drawn  as  shown. 
Bracket  q  is  for  the  support  of  the  wooden  beams,  and  the 
dowel  r  cast  on  the  bracket  is  to  be  let  into  the  bottom  of 
the  wooden  beam,  thus  acting  as  a  tie  between  the  columns 
and  the  walls  of  the  building.  The  plan  of  the  base  should 
be  drawn  as  shown  in  the  lower  right-hand  corner  of  the 
plate  at  A,  It  is  necessary  to  draw  this  view  before  laying 
out  the  ribs  shown  in  the  elevation  of  the  base  plate  at  B^ 
because  the  corner  s  and  the  rib  /  in  this  elevation  are  deter- 
mined from  the  plan  by  measuring  the  distances  u  v  and  y  z 
from  the  center  line.  Everything  else  on  the  plate  is  clear, 
except  possibly  several  of  the  terms;  for  instance,  the  note 
•*all  fillets  to  a  V^  radius'*  means  that  where  the  corners  are 
rounded,  as  at  w  and  x,  the  radius  of  the  quarter  circle  is  I''. 
The  term  spot-faced,  shown  opposite  the  cast-iron  base  in 
Fig.  1,  means  that  the  casting  around  the  bolt  hole  is 
finished  at  that  particular  spot.  This  finish  is  made  so 
that  the  head  of  the  bolt  will  fit  snugly  against  the  cast- 
ing, the  finish  being  always  circular  and  slightly  larger 
than  the  standard  washer  that  would  be  used  with  such  a 
sized  bolt.     Having   completed   the   figure,  the  notes  and 

54—23 


192 


STRUCTURAL  DRAFTING 


dimensions  should  be  placed  on  the  drawing  and  the  entire 
plate  finished  by  carefully  inking  in  the  lines.  Much  benefit 
may  be  derived  from  a  careful  inspection  of  the  details  on 
this  plate. 


DRAWING    PLATE,    TITLE:     MILL    CONSTHUCTION 

58.  Hill  construction,  sometimes  known  as  slow- 
burning  conslniction ,  is  now  almost  universally  used  for 
mills  and  factories.  The  plate  shows  a  cross-section 
through  a  factory  having  a  width  of  50  ft.  clear  between 
the  walls  of  the  first  story.  The  first  flour,  which  is  fire- 
proof construction,  is  composed  of  brick  arches  constructed 
between  steel  beams;  the  filling  is  of  concrete  and  the 
finished  floor  is  of  cement.  This  floor,  is  provided  for  two 
reasons:  the  desire  to  procure  a  practically  fireproof  base- 
ment and  the  necessity  of  sepuring  a  waterproof  floor,  such 
as  would  be  needed  in  a  dye  house  or  paper  mill.  All  of 
the  upper  stories  are  of  slow-burning  construction,  the  walls 
being  proportioned  for  a  building  four  gr  five  stories  in 
height.  The  floors  are  supported  by  yellow-pine  girders, 
placed  in  pairs  and  reenforced  by  stee!  camber  rods,  as 
shown  at  /.  The  roof  trusses  are  designed  to  span  the 
entire  building  so  that  the  top  floor  has  a  clear  width  of 
50  ft.  without  the  central  row  of  columns. 

In  laying  out  this  drawing,  in  actual  practice,  all  the  floor 
loads  should  first  be  determined,  the  sizes  of  the  beams  and 
columns  figured,  and  the  dimensions  of  the  members  in 
the  roof  truss  determined.  It  is  assumed,  however,  that 
tliis  data  has  been  obtained,  so  that  it  only  remains  to  com- 
mence the  drawing  and  lay  out  the  several  details  of  con- 
struction, which  are  more  or  less  standard  and  therefore  to 
a  certain  extent  determined. 

59.  The  vertical  center  line  ab  oi  the  building  should 
be  drawn  first;  since  the  building  is  symmetrical  with 
respect  to  this  line  it  is  not  necessary  to  draw  more  than 
one  half  of  the  section,  though  in  this  case  it  was  thought 
advisable  to  draw  a  portion  of  the  other  half  in  order  that 
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the  details  of  the  central  columns  and  posts  could  be  more 
thoroughly  studied.  The  vertical  line  may  then  be  located 
5tV  from  the  right-hand  border  line  and  the  horizontal 
lines  cd  and  ^/,  representing  the  tops  of  the  finished  floors, 
may  be  laid  off  Z\"  and  6|'^  respectively,  from  the  lower 
border  line.  From  the  fact  that  the  paper  is  limited  in 
size,  it  is  necessary  to  show  broken  lengths  of  the  beams 
and  columns,  and  consequently  the  principal  horizontal  and 
vertical  dimensions,  while  figured  correctly,  are  not  true  to 
scale.  Where  it  is  necessary  to  break  the  drawing  in  this 
way  it  is  customary  to  place  the  end  views  or  the  sections 
between  the  broken  ends  of  the  members  as  shown  at  /and  J. 
Since  the  dimension  of  25  ft.,  given  from  the  center  of  the 
column  on  the  first  floor  to  the  inside  of  the  wall,  is  not  to 
scale,  the  vertical  lines  of  the  wall  may  be  located  to  suit  the 
size  of  the  paper.  The  outside  line  of  the  main  wall  ^^  is 
consequently  located  V  from,  the  left-hand  border  line.  The 
lines  //  and  ^/  of  the  basement  and  parapet  walls  may  be  laid 
off  from  the  main-wall  line  ^"  and  3",  respectively,  to  scale. 
From  these  lines,  the  section  of  .th^  wall  may  be  laid  out  from 
the  dimensions  given  and  by  scaling  the  drawing  plate. 

60.  The  bottom  line  mn  of  the  tie-member  of  the  roof 
truss  may  now  be  drawn  SiV  from  the  lower  border  line. 
Since  the  direction  of  the  rafters  /t,  F  and  of  the  struts  6',  // 
may  be  determined  either  from  the  plate  or  from  a  skeleton 
diagram  laid  out  on  a  separate  sheet  from  the  dimenttionfi 
given,  the  outlines  and  details  of  the  roof  truss  may  be  com- 
pleted. The  rods  and  bolts  should  l>c  clearly  shown  and  the 
details  around  the  parapet  and  the  gutter  carefully  drawn. 

61.  The  wooden  girder  comrK>scd  of  the  two  ^^'  /  VI" 
yellow-pine  timbers,  and  the  rou^h  floorinz  and  th^:  fininhcd 
floor  may  be  laid  off  from  the  top  lin^:  ^/  of  th':  iirihh*'A  floor 
that  has  been  drawn.  The  deiajJ-i  of  th':  'HTn)f:r  t*A  Jind  the 
cast-iron  supports,  togcth^rr  v/:th  th';  'jAnruxi  ^;ip  and  ^pnnw 
connections,  are  cli^^rly  «ihov/n  and  u.uy  ly:  dr;iv/ri  wifho>it 
difficulty.  Two  cast-iron  v:;/;y/rtH;  or  V/:>.Nrrn.  /,  fUvuln  thft 
span  or  length  of  each  gfrd'rr  into  thrc*:  ^z^i^m]  p'^ri^. 


194 


STRUCTURAL  DRAFTING 


§U 


62.  The  bottom  line  op  of  Ihe  bluestone  cap  supporting 
the  base  of  the  cast-iron  column  is  located  \"  from  the  lower 
border  line,  while  the  bottom  line  of  the  concrete  footing 
under  the  wall  is  J"  from  the  same  line.  Working  from 
these  lines  as  a  base,  the  concrete  footing,  the  footing 
courses  above,  and  the  base  of  the  cast-iron  column  may 
be  drawn.  The  positions  of  the  webs  are  determined,  by 
measiu-ement,  from  the  plan  designated  Section  of  Col.  on 
C.  D.  The  line  of  the  finished  basement  floor  is  Ij"  from 
the  lower  border  line;  the  cement  finishing  coat  is  1"  thick 
and  the  concrete  5"  in  depth  to  scale. 

From  the  finished  floor  line  c<^  of  the  first  floor,  and  the 
dimension  given  from  center  to  center  of  floorbeams  i',  a', 
which  is  4  ft.,  the  section  J  of  the  floor  system  may  be 
drawn.  Accuracy  in  drawing  the  I-beam  sections  is  not 
important,  for  the  depth  and  weight  of  the  beam  are  given 
in  a  note  on  the  drawing  and  these  are  usually  enough  to 
designate  what  beam  section  is  wanted. 

63.  The  detail  of  the  steel-beam  connections  to  the  cast- 
iron  column  should  be  carefully  drawn.  The  Plan  of  the 
Cast-iron  Cap  for  Wooden  Col.  and  the  sections  of  the  col- 
umns o-a.  A  B  and  CD  should  be  drawn;  also,  the  detail  of 
the  intermediate  beam  shown  at  A'.  This  latter  shows  the 
connection  necessary  to  secure  the  intermediate  floorbeam 
to  the  longitudinal  beam  X  These  intermediate  beams  are 
located  centrally  between  the  transverse  beams  K,  and  since 
the  columns  are  located  8  ft.  from  center  to  center,  loDgi- 
tudinally,  they  divide  bays  into  4-foot  spaces  that  are 
spanned  with  the  brick  arches. 

The  drawing  may  now  be  completed  by  inking  in  the  lines 
and  the  several  dimensions  and  carefully  lettering  the  notes. 
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DRAWING    PIjATE,    TITIiK:     TRUSS    FOR    CHURCH 

ROOF 

64.  This  type  of  roof  truss  is  much  used  in  church 
construction  on  account  of  its  having;  no  visible  tie-rods  and 
because  by  this  means  the  vaulted  effect  of  the  Tudor  or 
Gothic  style  can  be  obtained.  The  normal  roof  truss  is  the 
principal  truss  that  spans  the  building  and  gives  the  roof  its 
predominant  slope,  as  shown  in  Fig.  1.  This  figure  may  be 
commenced  by  drawing  the  vertical  line  a  b  4fi''  from  the 
right-hand  border  line.  The  inside  profile  of  the  truss  is  in 
the  form  of  a  Tudor  or  low  Gothic  arch.  The  extreme  top 
of  this  curve  c  should  be  started  4-iV  from  the  upper  border 
line.  The  outline  of  the  curve  is  composed  of  a  series  of 
arcs  of  circles  laid  out  from  the  radii  given  in  the  diagram, 
Fig.  2.  This  diagram  should  be  laid  out  before  any  attempt 
is  made  to  draw  the  curve  in  Pig.  1.  The  location  of  the 
center  line  of  the  diagram  is  li^''  from  the  left-hand  border 
line  and  the  spring  line  3A"  from  the  upper  border  line. 
The  several  curves  and  radii  to  the  three  centers  are  clearly 
shown  and  the  location  of  the  centers  given. 

65.  The  arcs  of  the  large  curves  in  Fig.  1  may  be  drawn 
by  means  of  a  string  or  strip  of  cardboard.  Use  a  pin  for 
the  center  and  put  the  pencil  either  through  the  knot  of  the 
string  or  through  a  hole  in  the  cardboard.  The  outline  may 
be  inked  in  by  using  the  irregular  curve,  which  will  be  found, 
by  careful  maneuvering,  to  approximate  closely  the  desired 
curve.  Having  drawn  the  curved  outline  of  the  truss,  lay 
off  10"  and  18"  from  the  point  d,  thus  locating  the  vertical 
lines  ^^  and  ^/  of  the  upright.  According  to  the  dimension, 
the  point  e  is  located  7'  6i",  by  scale,  from  the  line  /V, 
which  is  located  i"  above  the  lower  border  line.  From  ^, 
the  outside  sloping  line  of  the  rafter  may  be  drawn  to  its 
intersection  with  the  vertical  center  line  at  a,  which  is  15'  9", 
to  scale,  vertically  from  the  point  e  already  determined. 
The  inside  line  of  the  rafter  member  is  laid  oflF  12",  to 
scale,  from  the  line  ae.    The  purlins  j\j  can  now  be  located 
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from  the  point  e  according  to  the  dimensions  given:  the 
first  one  is  14"  from  c,  while  the  other  two  are  located 
&  10"  from  center  to  center.  The  purlin  at  the  apes 
of  the  truss  is  located  on  the  vertical  center  line.  The 
line  ki  of  the  collar  beam  should  now  be  drawn  1'  7",  to 
scale,  from  the  point  c,  while  the  center  of  the  pin  connect- 
ing the  wrought-iron  tie-rods  at  m  is  located  12",  to  scale, 
from  f.  The  points  fi,  q',n,  and  a,  which  are  the  extremities 
of  the  straightedges  of  the  curved  pieces,  may  be  located 
from  the  points^acd  r.  The  distance  of  the  point/frora^ 
is  3',  while  from  j  to  ^  is  3'  8",  both  measurements 
being  laid  out  to  scale.  The  points  o  and  «  are  located 
4'  6"  and  5'  5",  respectively,  from  the  point  r.  The  center 
line  sm  of  the  tie-rod  intersects  the  outside  line  of  the  rafter 
df  3'  Q"  from  the  point  e.  These  several  measurements  are 
not  shown  on  the  drawing,  because  they  would  be  determined, 
by  scaling,  in  laying  out  the  work.  The  various  details  of 
the  joints  and  connections  in  this  figure,  together  with  the 
necessary  straps  and  bolts,  can  now  be  laid  out  and  the 
figure  finished,  the  notes  on  the  drawing,  if  followed  closely, 
being  sufficient  information  for  the  student. 

66.  The  plan  shown  at  A  is  a  view  looking  perpendicu- 
lar to  the  roof  slope,  and  al!  lines,  such  as  I  u,  can  be  pro- 
jected from  the  elevation.  The  rafter 
h  member  is  broken  at  I'  in  order  to  show 
its  section,  which  is  composed  of  three 
pieces  of  l\"  material  fastened  together 
with  screws.  The  purlins  are  held  to  the 
truss  by  wrought-iron  straps,  or  supports, 
B\  these  are  often  known  as  stirrups. 


beam    anchors. 

^'°'  "  the    purlins.  : 

by  the  wrought-iron  straps,  an 

of  the  rafter  member  about  i" 

stirrup  is  given  in  Fig.  31. 

67.     Figs.  3,  4,  5.  6.  7,  and  8  show  the  details  of 
construction  that  would  be  employed  in  this  type  of  root  truss. 


It  will  be  observed  ihat 
1  well  as  being  supported 
let  into  the  outside  pieces 

A  perspective  view  o( 
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Figs.  4  9  5,  6,  7,  and  8  relate  to  the  end  truss  and  the  con- 
necting half  trusses  that  would  be  employed  in  the  construe* 
tion  of  the  decagon  end;  the  arrangement  of  the  trusses  in 
this  end  is  clearly  shown  in  plan  in  Fig.  32. 

In  Fig.  7  is  shown  a  detail  plan  at  the  center  of  the  prin- 
cipal end  truss  that  is  similar  in  elevation  to  the  normal 
truss  in  Fig.  1,  though  it  is  usually  made  somewhat  heavier. 
The  half  trusses  shown  by  the  plan  in  Fig.  7  are  connected 
to  the  principal  truss  at  the  apex  of  the  Tudor  arch  forming 


the  inside  profile  and  at  the  apex  of  the  truss  itself.  The 
connection  of  the  half  trusses  to  the  principal  truss  is  made 
by  means  of  steel  plates  and  wrought-iron  bolts,  as  shown  in 
Figs.  4,  5,  6,  7,  and  8.  Each  half  truss  is  a  duplicate 
of  one  half  of  the  normal  truss  and  forms  a  roof  covering 
for  the  plan  shown  in  Fig.  32.  Fig.  4  is  an  elevation  and, 
with  Fig.  5,  which  is  a  side  elevation,  shows  the  details  of 
the   somewhat  complex  connection.     Figs.   6   and  8   are 
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merely  details  of  the  wrought-iron  or  steel  plates  that  form 
the  principal  ties  for  the  connection. 

68.  To  locate  these  several  views  on  the  drawing  in  the 
same  position  as  shown  on  the  plate,  draw  the  vertical 
center  line  xy  of  Figs.  4  and  7,  7"  from  the  right-hand 
border  line.  The  upper  line  */  of  the  collar  beam  in  Fig.  4 
is  located  5i"  from  the  lower  border  line.  Fig.  4  is  an 
elevation  of  the  conne  t  on  of  the  end  trusses  with  the 
principal  truss  BB    Fig    7    viewed   from  the    front.     The 


section  at  o,  in  Fig.  4,  represents  the  6"  X  8"  pieces  shown 
at  0  in  Fig.  7.  All  the  horizontal  lines  in  Fig.  5  can  be 
projected  from  Fig.  4.  At  c  in  Fig.  5  is  shown  a  section 
through  the  curved  member  of  the  principal  truss  B  B  ia 
Fig.  7.  Fig.  4  is  not  a  complete  detail,  as  many  of  the 
doited  lines  that  could  be  projected  from  Fig.  7  are  omitted. 
This  is  permissible  in  construction  work,  where  the  clear- 
ness of  the  drawing  many  times  depends  on  the  use  of  as 
few  lines  as  possible.  The  side  elevation,  Fig.  5,  makes 
up  for  all  the  deficiencies  of  the  drawing  shown  in  Fig.  4. 
The  vertical  center  line  a  c  of  Fig.  5  may  be  drawn  2H" 
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from  the  right-hand  border  line,  while  the  vertical  center 
lines  of  the  details  in  Figs.  6  and  8  may  be  drawn  lliV  and 
2H'^  respectively,  from  the  right-hand  border  line.  The 
horizontal  center  lines  i,  2  in  Figs.  6,  7,  and  8  are  located 
^k''  from  the  lower  border  line.  After  having  completed 
these  several  views,  the  small  details  shown  in  Fig.  3,  which 
designate  the  manner  in  which  the  three  tension  members 
at  »i,  Fig.  1,  are  secured  by  a  pin,  should  be  drawn.  The 
drawing  is  now  practically  finished  and  may  be  dimensioned 
and  lettered,  the  title  being  placed  as  designated  on  the  plate. 
The  work  shown  on  the  plate  gives  simply  the  constructive 
features,  but  Fig.  33  shows  how  such  a  truss  may  be  treated 
architecturally  so  as  to  produce  a  finished  appearance. 


DRAWING  PliATE,  TITLE:    STONE    CONSTRUCTION 

69.  This  plate  shows  the  details,  in  plan,  section,  and 
elevation,  of  an  oriel  surmounted  by  a  segmental  pediment. 
It  is  usual  for  the  architect  to  accompany  ^"  or  i''  scale 
drawings  with  detail  sheets  of  the  more  important  features, 
such  as  columns,  base  and  band  courses,  entrance  doorways, 
oriel  or  bay  windows,  general  door  and  window  architraves, 
entablatures,  dormer  windows,  roofs  and  towers,  drawn  to 
a  4^'  scale  and  sometimes  larger.  The  main  object,  as  in 
this  case,  is  to  show  the  conjunction  of  stone  and  metal  work, 
on  which  the  structure  relies  chiefly  for  support  and  balance. 

Fig.  1  shows  one  half  of  the  plan,  which  is  to  be  drawn 
first  (as  from  it  the  elevation  and  section  are  to  be  pro- 
jected), taken  at  an  imaginary  line  just  above  the  sill  course. 
Fig.  2  shows  a  section  taken  on  the  center  line,  omitting  a 
portion  to  show  plan  of  metal  work.  Fig.  4,  from  which  same 
is  to  be  projected.  Fig.  3  shows  one  half  of  the  elevation, 
also  omitting  an  important  part  to  admit  Fig.  1,  as  economy 
of  space  is  advisable  in  all  detail  drawings.  Beginning  at 
the  corbel  stones  Ay  A  in  Fig.  2,  observe  that  the  upper 
stone  is  counterbalanced  by  two  iron  anchor  rods  a  built  into 
the  wall  below.  This  is  necessary  because  the  outer  portion 
of  this  stone  carries  most  of  the  weight  up  to  the  cantilever 
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beam  B,  which  supports  the  work  above.  This  beam  is 
constructed  of  two  4"  steel  I  beams,  with  a  4"  channel  6 
bent  to  a  semicircle  and  secured  to  their  outer  ends,  resting 
on  and  riveted  to  a  4"  I  beam  c  stretched  across  the  wall 
opening,  with  its  ends  built  into  the  piers  on  either  side. 
On  this  beam  the  cantilever  is  balanced  and  its  inner  ends 
extend  back  and  are  secured  to  the  9"  steel  beam  d  of  the 
main  structure  with  two  short  pieces  f  of  6"  I  beam  used 
as  blocking,  all  securely  strapped  and  riveted  together.  A 
brick  arch  C  is  sprung  over  the  opening  in  the  main  wall 
to  carry  the  masonry  of  the  pediment.  All  the  coursed 
stones  are  anchored  together  on  the  top  beds  at  the  vertical 
joints  and  the  lintel  stones  are  secured  by  strap  anchors  bent 
over  the  4"  channel,  as  shown  at  /.  The  ornamental  crest- 
ing is  secured  by  iron  dowels  and  tie-rod,  as  shown  at 

The  ridge  of  the  main  roof  and  the  roof  over  the  oriel  are 
covered  with  copper,  slots  being  cut  in  the  stone  work  to] 
admit  the  flashing,  as  shown  at  i. 

In  the  plan  Fig.  1,  all  the  jamb  lines  of  stone  architraves, 
wood  frame,  and  sash,  radiate  from  a  common  center  /.  3" 
back  of  the  front  line  of  the  building,  which  is  coincident 
with  the  line  km. 

Start  the  drawing  by  locating  the  center  /  8H"  above 
lower  border  line  and  6A"  from  the  right-hand  border  lini 
the  distance  between  margin  lines  being  13"  X  17".  Having 
located  the  center  line  xx'  of  the  section.  Fig.  2,  3-iV'  from 
the  left-hand  border  line,  and  the  floor  line  yy  3-^"  from  the 
lower  border  line,  little  difficulty  should  be  experienced  in 
completing  the  drawing  with  the  additional  dimensions  gi' 
on  the  plate.     The  scale  to  be  used  is  i"  =  V, 
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COLORIXQ    THE    PLATK 

In  drawing  architectural  details,  coloi 


r  is  used  in  preF" 
erence  to  the  conventional  section  lining,  as  it  is  labor-saving 
and  gives  a  clearer  conception  of  the  materials  required. 

When  a  drawing  is  to  be  traced  for  blueprinting,  heavy 
section  lining  is  preferable,  as  the  prints  may  then  be  colored 
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over  the  ^ite  section  lines  in  accordance  with  the  original 
drawing.  Sometimes  tracings  are  ^'blackened  in"  with  India 
ink  or  an  opaque  color,  on  the  reverse  side,  thus  leaving  a 
white  space  on  the  blueprint  for  coloring.  In  large  details, 
only  the  extreme  outer  edge  of  each  individual  piece  of 
stone,  wood,  or  metal  is  colored. 

TABIiE  I 


Materials 

Colors 

Earth 

Raw  umber. 

Rock 

Neutral  tint  or  blue  wash  streaked  with  sepia. 

Concrete 

Sepia  or  neutral  tint  with  darker  dots  spread 

over. 

Foundation  stone  . 

Light  Prussian  blue  and  sepia  mixed. 

Bluestone     .... 

Prussian  blue  and  Payne's  gray  mixed. 

Brownstone     .    .   . 

Burnt  umber. 

Graystone    .... 

Light  sepia. 

Brickwork   .... 

Venetian  red  or  crimson  lake  and  burnt  sienna 

mixed. 

Terra  cotta  .... 

Burnt  sienna. 

Steel  

Neutral  tint,  or  purple  mixture  of  Prussian  blue 

and  crimson  lake,  or  green  mixture  of  Prus- 

sian blue  and  gamboge. 

Wrought  iron      .   . 

Prussian  blue. 

Cast  iron 

Payne's  gray. 

Brass 

Gamboge,  with  very  little  sienna  or  red  mixed. 

Copper 

Burnt  sienna,  or  crimson  lake  and   gamboge 

mixed. 

Tin 

A  line  of  light  Prussian  blue  or  Payne's  gray. 

Lead 

Sepia  and  Prussian  blue  mixed. 

Slate 

Neutral  tint  or  green. 

Wood 

For  hardwood,  sienna  wash;  other  woods,  gam- 

t>oge,  or  any  other  yellow. 

As  this  plate  introduces  the  use  of  color  in  drafting,  it  is 
supplemented  by  a  list  of  materials  in  common  use  and  the 
colors  and  shades  by  which  they  may  be  represented  on  the 
drawing  as  given  in  Table  I.  While  there  may  be  a  difference 
of  opinion  existing  among  architects  as  to  the  colors  repre- 
senting the  respective  materials,  the  main  object  is  to  show 
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distinctioii  and  avoid  confliclion,  in  massing  the  colors. 
This  is  easily  arranged  by  adding  to  or  lessening  the  density 
of  one  of  the  colors  in  a  mixture. 

Of  the  many  manufactured  forms  of  color,  those  produced 
in  small  china  pans,  known  as  moisl  colors,  are  preferable, 
although  cake  color  may  be  used,  but  this  requires  grinding 
in  the  same  manner  as  stick  India  ink,  and  often  straining 
through  a  wet  piece  of  linen  to  remove  the  small  undis- 
solved particles.  Colored  inks  in  bottle  form  are  often  used 
and  may  be  reduced  iu  density  by  adding  a  drop  of  liquid 
ammonia  to  a  small  quantity  of  the  ink  mixed  with  a  little 
water  in  a  saucer. 

Color  should  never  be  laid  on  thick  but  always  in  a  light 
wash,  using  plenty  of  water  in  the  mixing. 

In  coloring  on  tracing  linen,  it  is  better  to  apply  the  color 
to  the  reverse  side  to  that  on  which  the  lines  are.  When 
the  surface  of  the  cloth,  or  tracing  paper,  appears  oily  and 
refuses  to  take  the  color,  touch  the  tip  of  the  brush,  while 
wet,  to  a  piece  of  soap  occasionally  and  the  color  will 
run    smooth. 

71.  Brushes. — A  sable's-hair  brush  is  preferable  to  a 
camel's-hair,  as  the  latter  becomes  limp  with  use.  A  large 
brush  with  a  fine  point  is  better  than  a  small  one,  as  it  holds 
more  color  and  will  make  a  narrow  line  as  well  as  a  broad 
wash  under  a  slight  pressure  causing  the  tip  to  spread. 
Brushes  should  be  washed  out  clean  after  using  and  drawn 
over  a  slip  of  paper  to  their  natural  point,  keeping  the  hair 
together,  and  in  this  state  allowed  to  dry. 

72.  Paper, — In  order  to  obtain  the  best  results,  this 
plate  should  be  drawn  on  cold-pressed  water-color  paper, 
Whatman's  preferred.  Although  this  is  slightly  rougher  than 
ordinary  paper,  more  satisfactory  results  may  be  obtained  by 
its  use.  The  paper  should  be  strained  on  the  drawing  board 
in  order  to  prevent  its  WTinkling,  as  the  color  dries  and  pulls 
on  its  outlines.  This  is  done  by  turning  the  paper  wrong  side 
up.  the  right  side  being  determined  by  holding  the  sheet  up 
to  the  light  so  that  the  name  of  the  maker,  in  water  marks, 
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will  read  correctly  and  not  backwards.  To  strain  the  paper, 
dampen  the  back  of  the  sheet  with  sponge  and  water, 
preserving  a  dry  margin  of  about  i'^  sponging  first 
downwards,  then  across.  Gum  this  i'^  margin,  reverse 
the  sheet  on  the  board  and  press  the  edges  down  flat, 
slightly  drawing  them  outwards  with  the  fingers  of  both 
hands,  stretching  it  both  ways,  as  far  as  it  will  go,  easily  and 
without  forcing.  The  dampened  center  will  appear  very 
rough,  but  this  will  dry  out  perfectly  smooth.  If  the  center 
shows  signs  of  drying  before  the  gummed  edges,  slightly 
dampen  it  on  the  right  side,  as  the  edges  must  be  held 
down  tight  to  the  board,  or  the  center  while  drying  will 
draw  it  away,  thus  causing  permanent  wrinkles.  It  being 
easier  to  lay  colored  washes  on  paper  than,  on  tracing 
cloth,  the  student  will,  in  this  instance,  ink  in  and  color  the 
pencil  drawing  and  forward  the  same  to  us  in  place  of 
the  customary  tracing. 

73.  Inking  In. — If  one  desires,  a  very  effective  plate 
may  be  produced  by  grinding  stick  India  ink  with  water 
in  a  small  saucer  until  it  becomes  quite  thick,  yet  not 
pasty.  With  this,  carefully  ink  in  the  entire  drawing, 
including  free-hand  work,  dimension  lines,  and  figures, 
omitting  only  the  title  and  scale  at  head  of  plate.  Avoid, 
if  possible,  making  erasures.  When  the  ink  is  thoroughly 
dry,  gently  wash  over  the  entire  surface  of  the  plate  inside 
the  margin  lines  with  a  small  soft  sponge  and  clean  water, 
removing  all  surplus  ink,  which  may  dry  and  blur  the 
drawing. 

If  properly  executed,  sufficient  ink  will  remain  over 
the  lines  to  hold  the  drawing.  When  the  sheet  is  dry,  the 
lines  will  appear  gray  and  but  little  heavier  than  pencil. 
Now  proceed  to  color,  using  only  a  light  wash  as  previously 
described.  After  the  color  is  dry,  the  drawing  may  be 
phade-lined,  if  desired,  by  going  over  the  bottom  lines  and 
right-hand  vertical  lines  of  all  projecting  members  casting  a 
shadow  on  work  below,  as  in  previous  plates,  using  a  solu- 
tion of  the  same  ink  mixed  to  a  heavy  gray  color,  not  black. 
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s  and  corrections  may  now  be  made  and  the  title 
printed  in  black,  as  on  preceding  plates,  also,  the  scale  and 
margin  lines,  name,  class  letter  and  number,  and  date,  till 
completing  the  plate. 


DRAWING    PLATE,    TITLE:    STEEt  COLUMNS 
CONNECTIONS 

84.     In   this   plate    are    shown    two    designs    of    steol 
columns  used  in  the  construction  of  modern  office  build- 

nings,  and  also  a  common  method  of  connecting 
the  floorbeams  to  the  columns.  A  side  view 
and  a  front  view  of  each  design  is  given,  and 
as  it  would  manifestly  be  impossible  to  draw 
the  columns  in  their  full  length,  and  since  it 
would  not  serve  any  useful  purpose  to  do  so, 
a  part  of  the  column  between  the  base  and  the 
^°-^  floorbeani  connection  is  broken  away.    When 

this  is  done,  it  is  understood  that  the  part  broken  away  is 
similar  to  the  ends  of  the  column  next  to  the  break,  which,  in 
this  case,  is  indicated  by  drawing  a  line  consisting  of  a  long 
dash  and  two  dots  across  the  column. 

The  plate  is  practically  a  shop  drawing  for  two  structural 
steel   columns   of   different   sections.     The   column   shown 
in  Fig.   1  is  made  up  of  two  15"  chan- 
nels, riveted  through  the  flanges  to  two 
-^t"  X  12"  cover-plates,     A  cross-section 
through  the  column  is  shown  in  Fig.  37. 
The  column  in  Fig-  3  is  composed  of  four 
rolled  sections,  known  as  Z  6ars,  and  one 
web-plate  S"  X  H"   wide.     The    section 
of  this  column  is  constructed  as  sho' 
Fig.  38,  and  the  dimensions  of  the  several  Pio.m 

rolled  shapes  of  which  both  column  sections  are  composed  and 
also  the  I  beams  for  the  support  of  the  floor  are  shown  in 
Fig.  2(1.  In  structural  steel  columns,  the  details  of  design 
requiring  special  attention  are  the  base  of  the  column,  the 
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floorbeam  connections  to  the  column,  and  the  upper  cod- 
nectioQ  to  the  colomn  above.    The  details  shown  on  this 


plate  are  those  asnally  employed  in  building  construction 
and  have  become  standard. 
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85.  In  the  design  shown  in  Fig.  1,  and  in  perspective 
in  Fig.  39  (a),  the  column  consists  of  the  two  15"  channels 
a,  a  placed  back  to  back  and  tied  together  by  cover-plates  b,  b, 
12"  wide.  The  column  is  supported  on  a  steel  bedplate 
24"  X  25"  X  S",  to  which  it  is  attached  by  side  plates  r,  t  and 
angle  irons  d,  d  riveted  securely  to  the  bedplate.  Each  chan- 
nel, for  further  security,  is  tied  to  the  bedplate  by  an  angle 
iron,  as  c.  The  column  supports  two  pairs  of  longitudinal 
floorbeams  /,  /,  /,  /  and  two  transverse  floorbeams^,^.  Each 
pair  of  longitudinal  floorbeams  is  supported  on  a  horizontal 
bracket  made  from  a  5"  X  5"  angle  iron  h,  and  stiffened  by 
two  4"  X  3"  angle  irons /,  /placed  back  towards  back.  A  filling 
piece  }  is  placed  between  the  cover-plate  and  the  lower  part 
of  the  angles  /,  i.  The  longitudinal  floorbeams  are  tied  on 
top  to  the  column  by  a  5"  X  5"  angle  iron  k.  Each  trans- 
verse floorbeam  rests  on  a  bracket  made  from  a  4"  X  6" 
angle  iron  /,  stiffened  by  a  3"  X  2i"  angle  iron  »«,  placed  as 
shown.  A  4"  x  4"  angle  iron,  as  «,  ties  the  top  of  these 
floorbeams  to  the  column  by  means  of  two  \"  bolts.  The 
column  is  made  in  sections,  the  lower  section  being  22'  8" 
high.  The  upper  seclion  is  spliced  to  the  lower  section  by 
the  vertical  splice  plates  o,  o,  a  horizontal  plinth  plate  p,  and 
b"  X  3"  angle  irons  g.  q. 

The  column  shown  in  Fig.  2,  and  in  perspective  in 
Fig,  39  (i),  is  built  up  from  four  Z  bars  a, a, a, a  securely 
riveted  to  a  web-plate  b.  Since  the  edge  a!  is  the  dark  edge 
of  a  recess,  it  should  be  shaded,  according  to  the  rules  of 
shading.  On  referring  to  Fig,  2  it  will  be  found  that  the 
line  corresponding  to  a'.  Fig.  39  (i),  is  made  a  light  line 
instead  of  a  shade  line,  as  it  should  be.  This  is  a  conven- 
tionalism adopted  frequently  by  experienced  draftsmen,  who 
will  omit  a  shade  line  when  its  presence  will  render  the 
drawing,  or  part  of  it,  indistinct  instead  of  clearer.  It  is 
readily  seen  that  it  the  line  mentioned  is  shaded  on  Fig.  2, 
it  will  not  be  possible  to  show  correctly  the  thickness  of  the 
web  of  the  I  beam;  hence,  the  line  is  left  light.  The  column, 
as  shown  in  Fig.  39  (A),  is  supported  on  a  steel  bedplate  2l!" 
X  31i"  X  i",  to  which  it  is  attached  by  the  side  plates  e.c 
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and  angle  irons  dy  d.  For  further  security,  each  pair  of  Z  bars 
is  tied  to  the  bedplate  by  an  angle  iron  e.  Two  pairs  of 
longitudinal  floorbeams  /,  /,  /,  /  and  two  transverse  floorbeams 
gyg  are  connected  to  the  column  in  practically  the  same  man- 
ner as  those  shown  in  Fig.  39  {a),  A  slight  difference  in 
the  construction  of  the  brackets  supporting  the  longitudinal 
floorbeams  will  be  noticed.  Instead  of  using  a  single  filling 
piece  under  the  two  stiffeners  h,  h,  a  separate  filling  piece,  as 
at  /,  /,  is  used  under  each  stiffener.  Each  transverse  floor- 
beam  is  supported  on  a  bracket  made  from  a  A."  X  6^^  angle 
iron  stiffened  by  a  Z"  X  ^h"  angle  iron,  and  is  tied  on  top  by 
a  A"  X  4''  angle  iron  riveted  to  it  and  bolted  to  the  column. 
This  column,  like  the  other,  is  built  in  sections,  the  upper 
section  being  spliced  to  the  lower  section  by  two  vertical 
splice  plates,  one  horizontal  plinth  plate,  and  angle  irons. 
It  will  be  noticed  that  the  manner  in  which  the  splice  is 
made  is  identical  with  that  used  to  splice  the  sections  of  the 
column  shown  in  Fig.  39  (a). 

86.  Commence  the  drawing  by  laying  out  the  vertical 
center  lines  a  b  and  c  d  2H^^  and  6i'',  respectively,  from  the 
left-hand  border  line,  and  gh  and  ef  2tV^  and  6tV^  from 
the  right-hand  border  line.  The  horizontal  base  lines  ij 
of  the  columns  are  drawn  \\"  from  the  bottom  border  line 
and  the  top  lines  W"  below  the  top  border  line.  From  the 
vertical  center  lines  of  the  several  views  of  the  columns,  the 
widths  of  the  columns  in  both  figures  may  be  laid  out  and 
the  vertical  lines  representing  the  thickness  of  the  rolled 
shapes  and  the  cover-plates  drawn. 

From  the  base  line  //»  the  thickness  of  the  base  plate  in 
each  view,  which  is  drawn  to  a  scale  of  \\"  =  1^  may 
be  marked  off  and  the  angle  plates  for  reenforcing  and 
securing  this  plate  to  the  column  designed  as  shown  on  the 
plate.  It  will  be  noticed  that  the  rivets  holding  the  base 
plate  to  the  angles  that  are  riveted  to  the  column  are  counter- 
sunk so  that  the  column  will  take  a  full  bearing  on  the 
capstone.  The  I  beams,  which  are  the  main  support  of  the 
floor  construction  and  are  secured  to  the  columns,  are  on 
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the  same  level  at  the  top  flange,  as  shown  on  the  lines  */  in 
the  several  views.  These  lines  are  7iV'  from  the  lower 
border  line,  though  they  would  have  been  located  from  the 
base  lines  i  j  by  the  vertical  dimension  given  but  for  the  fact 
that  a  section  has  been  broken  from  the  column  between  the 
base  and  brackets  supporting  the  fioorbeams,  so  that  the 
views  could  be  included  between  the  upper  and  lower  border 
lines.  From  the  lines  A/,  the  details  of  the  several  beam 
connections  can  be  designed  after  laying  off  the  depth  of  the 
floorbeams  and  working  out  the  sections  shown  in  black, 
from  the  information  given  for  these  sizes  of  beams  in 
Fig.  26,  by  laying  out  the  angle  brackets  with  theirstiffening 
angles  and  fillers,  and  putting  in  tbe  necessary  rivets  and 
bolts  to  make  a  rigid  connection. 

87.  The  positions  of  the  several  views  having  been 
located  with  reference  to  the  border  lines,  and  the  angles  and 
plates  having  been  arranged  and  drawn  from  the  dimensions 
and  notes  given,  all  center  lines  for  the  bolts  and  rivets  that 
have  not  been  needed  in  the  design  of  the  connections 
should  be  laid  out  and  the  rivets  and  bolts  shoWn,  The 
rivets  are  designated  by  their  conventional  signs,  as  explained 
in  connection  with  Drawing  Plate,  Title:  Rivet  Work. 
The  work  of  drawing  the  details  will  be  greatly  facilitated 
by  finishing  one  view  of  the  column  and  then  projecting  to  the 
other  view  all  of  the  necessary  horizontal  lines.  All  rivets 
in  these  two  designs  are  \"  in  diameter,  having  a  head  H"  in 
diameter  and  iV'  high,  the  rivet  holes  being  punched  li" 
in  diameter.  Particular  attention  should  be  paid  to  the  spacing 
of  rivets  and  an  effort  made  to  make  the  drawing  accurate. 
Each  detail  should  be  carefully  analyzed  and  no  attempt  to 
lay  it  out  should  be  made  until  the  construction  is  thoroughly 
understood.  The  plates  should  he  finished  as  usual  and  the 
notes  and  dimensions  carefully  executed.  The  tines  m  n  that 
designate  the  top  of  the  first-floor  columns  are  readily  located 
(rom  either  the  top  or  bottom  flanges  of  the  steel  I  beams 
supporting  the  floor  and  would  probably  be  determined 
by  the  dimension  from  the  base  of  the  column,  which,  as 


\ 


^i 

n^ 


PUBLIC    UW*«\ 


Ji* 


§14  STRUCTURAL  DRAFTING  209 

marked  to  the  right  of  Fig.  1,  is  22'  8''.  When  this  line  has 
been  determined,  the  packing:,  or  plinth,  plate  separating  the 
upper  and  lower  columns  may  be  drawn  15|''  X  12''  X  F'  in 
Fig.  1  and  12|"  X  14i"  X  t"  in  Fig.  2,  as  designated  by  the 
note.  The  angles  and  splice  plates  in  connection  with  the 
junction  of  the  upper  with  the  lower  column,  may  likewise  be 
drawn  from  the  notes  and  dimensions  on  the  plate.  The 
reference  letters  printed  in  bold-face  Italics  are  to  be  omitted. 


DRAWING  PLATE,  TITLE:   ROOF  TRUSS  FOB 

TRAIN  SHED— I 


STRESS  DIAGRAMS 

88.  This  plate  and  the  two  following  ones  represent  the 
necessary  construction  drawings  for  the  skeleton  framework 
of  a  train  shed.  The  elements  of  the  design  consist  of 
steel  columns  at  either  side  of  the  shed  supporting  the  roof 
trusses,  which  are  braced  against  lateral  motion  across  the 
building  by  means  of  knee  braces  to  the  columns,  and  longi- 
tudinally by  means  of  diagonal  bracing  bet  ween  the  columns 
and  between  the  only  upright  members  in  the  roof  trusses; 
The  roof  truss  must  provide  for  the  support  of  a  lantern, 
or  skylight,  at  the  apex.  By  extending  the  rafter  member 
and  bracing  it  to  the  column,  an  outside  shed,  or  projection 
over  the  pavement,  is  secured. 

Fig.  1  shows  the  frame  diagram  for  the  roof  truss  sub- 
jected to  the  dead  load,  while  Fig.  2  shows  the  diagram  of 
stresses  due  to  the  dead  load.  Fig.  3  shows,  to  a  larger 
scale  than  Fig.  1,  the  frame  diagram  for  the  wind  load,  con- 
sidering the  wind  as  acting  on  the  left-hand  side  of  the  truss 
and  the  vertical  side  of  the  lantern  or  skylight.  The  stress 
diagrams  drawn  in  connection  with  this  figure  are  shown 
in  Figs.  4,  5,  and  6,  Figs.  4  and  5  being  the  reaction 
diagrams,  while  Fig.  6  is  the  complete  diagram  of  stresses 
due  to  the  wind  load.  In  drawing  this  plate,  the  student 
should  not  attempt  merely  to  locate  and  scale  the  diagrams 
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and  thus  reproduce  them  on  his  drawing;  the  purpose  of  the 
plate  is  to  give  practice  in  the  application  of  graphical 
statics  to  structural  design.  It  is  assumed  that  the  vertical 
panel  loads  in  the  frame  diagram  for  the  dead  load  have 
beea  carefully  calculated  and  include  the  weight  of  the  roof 
covering,  the  principal,  and  the  snow  load.  The  dimensions 
for  the  frame  diagram  in  Fig.  1  are  given  in  Fig.  3.  In 
this  figure  the  span  of  the  truss,  or  the  distance  from  center 
to  center  of  columns,  is  80  ft.,  while  the  height  of  the 
columns  is  2S  ft.  The  height  of  the  roof  truss  from  apex  to 
lower  chord  at  the  center  is  13  ft.  and  the  lower  chord  has 
a  camber,  or  rise  above  the  lop  of  the  column,  of  3  ft.  A 
better  understanding  of  this  plate  may  be  obtained  by 
occasionally  consulting  the  succeeding  one,  which  shows  the 
general  design  of  the  truss.  The  distances  between  panel 
points  on  the  rafter  members  are  equal  to  10'  9"  through- 
out the  truss.  These  measurements  having  been  decided 
on,  the  frame  diagram.  Fig.  1,  may  readily  be  drawn,  the 
center  line  a  a'  being  drawn  3t"  from  the  left-hand  border 
line  while  the  joint  B  C M LK  is  located  Ij"  from  the  lower 
border  line.  Extreme  accuracy  should  be  employed  in  draw- 
ing this  figure  and  the  vertical  loads  and  reactions  should 
be  designated  as  shown;  also,  the  notation  by  which  the 
members  are  known  should  be  placed  on  the  drawing. 

89.  It  will  be  noticed  that  on  all  these  figures  capital 
letters  are  used  for  the  frame  diagrams  and  small  letters  for 
the  stress  diagrams,  numerals  being  used  if  the  diagrams 
are  so  complex  as  to  require  a  greater  scope  in  the  notation 
than  the  alphabet  affords.  After  the  frame  diagram  for  the 
dead  load  has  been  drawn,  proceed  with  the  corresponding 
stress  diagram  shown  in  Fig.  2.  In  this  diagram,  a  distance 
of  1"  equals  8.000  pounds,  as  designated  in  the  scale.  Pro- 
ceed by  drawing  the  load  line  ab,  be,  ed,  de.  etc.,  which 
need  not  be  drawn  in  full,  since  the  roof  truss  is  symmetric- 
ally loaded  and  one  half  of  the  diagram  will  give  all  of  the 
stresses.  In  locating  the  load  line,  it  should  be  drawn  liV 
from  the  right-hand  border  line,  as  shown  on  the  plate,  and 
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the  point  a  located  53"  above  the  lower  border  line.  The 
distances  ab,  be,  cd,  etc.  are  laid  off  equal,  respectively,  to 
the  loads  AB,  B  C,  CD,  etc.  in  the  frame  diagram.  In 
this  way  the  point  /  can  be  located,  for  //  is  the  force  at  the 
apex  of  the  skylight  roof  and  the  point  z  will  be  located 
midway  between  /  and  y,  for  this  is  the  central  point  of  the 
diagram,  and  az  will  measure,  by  scale,  25,000  pounds, 
which  is  the  amount  of  the  vertical  reaction  transmitted 
through  the  column  at  either  end  of  the  truss.  When  the 
load  line  has  been  measured  off  in  this  way,  draw  from 
the  point  b  an  indefinite  line  b  k  parallel  with  the  projecting 
portion  of  the  rafter  member  B  K  in  the  frame  diagram. 
From  a,  draw  an  intersecting  line  ak  parallel  with  the  member 
similarly  marked  in  the  frame  diagram;  thus  the  point  k  will 
be  located.  From  k,  draw  k  I  downwards  and  /  will  be  found 
by  drawing  from  z  a  line  parallel  with  LZ,  By  working 
around  the  polygon  of  forces  at  any  joint,  as  ^4^  A'  in  the 
frame  diagram,  the  direction  of  the  arrowheads  may  be 
obtained  from  the  stress  diagram;  these  arrows  point  in 
the  direction  in  which  it  is  necessary  to  draw  the  lines  in  the 
stress  diagram.  For  instance,  consider  the  joint  ABK\ 
the  polygon  of  forces  around  this  joint,  referring  to  the  stress 
diagram,  is  from  a  \.o  b  downwards,  from  ^  to  ^  upwards,  and 
from  k  \.o  a  upwards.  As  will  be  noticed,  these  lines  have 
the  same  direction  as  the  arrows  about  this  joint.  Similarly, 
the  polygon  of  forces  about  the  joint  K L  Z A  is  drawn  in  the 
stress  diagram  from  k  to  I  downwards,  from  /  to  ^  down- 
wards, from  z  to  a  upwards,  and  from  a  to  ^  downwards,  all 
of  the  forces  at  this  joint  acting  toward  the  joint,  as  will  be 
seen  in  Fig.  1.  Next  proceed  with  the  joint  B  CMLK  snd, 
then  with  C D  N M,  There  are  a  number  of  unknown  forces 
around  the  joint  M N  O  Z L,  but  by  drawing  the  stress  diagram 
for  the  two  preceding  joints,  Z L,  LM,  and  M N  will  have 
been  obtained,  so  that  but  two  unknown  forces,  NO  and  O  Z, 
will  be  left.  No  difficulty  will  be  encountered  with  the 
\o\xiX.DEPONy  but  before  proceeding  with  €\\h^v  ERQP 
or  O PQ  TZ,  it  will  be  necessary  to  analyze  the  joints  US 
and  IS  RE,  on  the  completion  of  which  ERQP  radiy  be 
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shown  in  the  stress  diagram,  and  the  joints  OPQTZ 
and  TQRSWV  finally  drawn,  completing  the  stress  dia- 
gram. In  laying  out  the  stresses  around  this  last  joint,  it 
will  be  noticed  that  WK  is  not  represented  in  the  stress 
diagram,  for  it  is  merely  a  repetition  of  ^^,  while  I'Tisa 
line  similar  to  TQ. 

90.  To  proceed  with  the  more  difficult  diagram  on  the 
plate,  that  is,  the  stress  diagram  for  the  wind  load,  it  is 
necessary  to  draw  the  frame  diagram  shown  in  Fig.  3. 
This  diagram  is  located  on  the  plate  in  such  a  position 
that  the  left-hand  column,  or  the  member  UZ.  is  h\"  from 
the  left-hand  border  line,  while  the  right-hand  column,  or 
the  member  X Z,  is  situated  li"  from  the  right-hand  border 
line.  The  feet  of  the  columns  are  7j"  irom  the  upper 
border  line.  The  resultant  wind  pressures  acting  at  each 
joint  and  normal  to  the  slope  of  the  roof  are  designated 
by  the  forces  AB,  D'  C.  CD,  DE,  FG.  HI,  and  IJ.  Besides 
these  several  forces  there  is  a  horizontal  wind  resultant 
against  the  vertical  side  of  the  lantern,  or  skylight,  half 
of  this  pressure  being  represented  by  the  force  liF  and 
the  other  half  by  GH.  These  forces  should  be  shown 
on  the  diagram.  Before  proceeding,  however,  it  is  neces- 
sary to  lay  out  the  reaction  diagrams  shown  in  Figs.  4 
and  5,  the  origins  o  of  which  are  located  2j"  and  2",  respect- 
ively, from  the  upper  border  line;  the  origin  o  of  Fig.  4 
is  located  4S"  from  the  left-hand  border  line,  while  the  same 
point  in  Fig.  5  is  IS"  from  the  right-hand  border  line.  The 
purpose  of  these  diagrams  is  to  determine  some  of  the 
unknown  external  forces  that  are  necessary  to  produce 
equilibrium  in  the  framed  structure. 

Having  located  the  point  o  in  each  diagram,  the  force  oP 
should  be  calculated.  In  order  to  determine  this  force  in 
Fig.  5,  it  is  necessary  to  consider  the  moments  of  all  of  the 
normal  forces  about  the  fool  of  the  left-hand  column,  or 
at  Rl.  and  divide  the  sum  of  these  moments  by  the  distance 
between  the  feet  of  the  columns,  on  a  line  parallel  to  the 
slope  of  the  roof.     This  distance  is  found  to  be  74.279  ft., 
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as  marked  on  the  plate.  The  force  o/>  in  Fig.  5  is  found, 
by  calculation,  to  equal,  approximately,  5,100  pounds.  The 
same  force  in  Fig.  4  is  the  difference  between  the  amount 
of  op  in  Fig.  5  and  the  sum  of  the  normal  loads  on  the 
truss.  As  the  sum  of  the  normal  loads  is  15,000  pounds, 
op  in  Fig.  4  is  15,000  -  5,100  =  9,900  pounds. 

When  these  oblique  forces  are  laid  off  to  scale  they  should 
be  resolved  into  their  horizontal  and  vertical  components, 
which,  in  each  diagram,  are  represented  by  7ifi  and  ou, 
respectively.  From  p  in  each  figure,  lay  off  a  distance  p  r, 
to  scale,  equal  tp  1,900  pounds;  for  this  equals  the  reaction 
necessary  at  the  foot  of  each  column  acting  in  opposition 
to  the  horizontal  wind  stresses  EF  and  G //.  Before 
these  diagrams  can  be  completed,  it  is  necessary  to  cal- 
culate the  upward  pull  on  the  left-hand  column  and  the 
corresponding  downward  pressure  on  the  right-hand  column 
created  by  these  two  horizontal  forces  /tF  and  G //;  this 
is  accomplished  by  calculating  their  moments  about  the 
foot  of  the  right-hand  column,  or  X\  and  dividing  the  sum 
of  these  moments  by  the  span  of  the  truss  or  the  distance 
from  center  to  center  of  columns.  The  result  of  this  calcu- 
lation gives,  in  this  instance,  1,947.5  pounds,  which  amount 
should  be  laid  off,  in  each  diagram,  from  r  to  5,  when  os  may 
be  drawn.  The  lines  os  represent  the  amount  and  direction 
of  the  reactions  at  the  feet  of  the  columns. 

To  complete  Figs.  4  and  5,  draw  s  /,  which  is  the  vertical 
component  of  the  oblique  reaction  and  by  which  o/,  an 
imaginary  horizontal  reaction  at  the  feet  of  the  colnmn.H,  is 
determined.  The  horizontal  reaction  at  A',  equals  5,r/Xi 
pounds,  while  at  /?,  it  equals  '^,Sr/;  potjnds.  Thes^:  nractions 
are  si;pplied  in  order  to  counteract  thfr  ohliqiir  p  ?k  Hons  so 
that  all  bending  stress  on  the  columrjs  at  //,  //'  v/ill  Ke  eiim- 
in<.ced.  The  imaginary  forces  O'/l  arid  ////',  v/hi^h  munt 
be  supplied,  are  determined  by  raV-Mlating  th';  moment 
of  /?,  (/  and  of  B B'  3,\xjut  a;  ('A  i>  eqnal  to  fh^r  «tum  of 
R^U  and  BB'.  The  forc/:s  76  and  Xf,'  ar^  ohtain'rd 
from  X  X^  which  was  determined  in  the  (\vA%rixm^  Fig.  5f 
to  equal  3,SoO  potinds. 
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91.  All  the  forces  having  been  obtained  and  the  neces- 
sary calculations  having  been  made,  proceed  with  the  stress 
diagram  for  the  wind  load,  Fig.  6,  Locate  the  point  s  5|"  from 
both  the  right-hand  border  line  and  the  lower  border  line. 
In  commencing  this  figure,  as  with  all  graphical  solutions,  il 
is  necessary  to  lay  out  the  polygon  of  external  forces,  which, 
in  this  instance,  extends  from  z  to  r,  to  u  to  a  to  ^  to  b'  to  c 
to  if  to  e  to  f  to  £■  to  //  to  /  to  /  to  I?  to  jr  to  x'  and  back  to  x, 
the  starting  point.  When  this  has  been  completed,  the 
stresses  for  each  joint  in  the  truss  can  be  laid  out  and  the 
diagram  completed  as  shown.  The  stresses  in  each  dia- 
gram may  then  be  measured,  after  which  the  table  shown 
in  the  upper  left-hand  corner  should  be  compiled.  From 
this  table,  the  maximum  tensile  or  compressive  stress  in 
each  member  may  readily  be  determined. 


DRAWING  ri-ATE,  TITLE:   ROOF  TRUSS  FOB 
TRAIN  bHEU — n 


GENERAL    DESIGN 

92.     This   plate,   showing   the  general  ^cslfirn  of  the 

shed,  must  be  drawn  subsequent  to  the  stress  diagram,  for 
this  is  the  general  drawing  that  gives,  as  well  as  the  size  of 
the  shed,  the  dimensions  of  the  several  rolled  shapes  com- 
posing the  members.  Fig.  1  shows  to  a  scale  of  i"  =  1', 
one  half  of  the  truss  with  the  purlins,  rafters,  and  roof  cover- 
ing. The  principal  information  given  in  this  figure  is  the 
character  of  the  structure  and  the  general  details  of  the 
shed.  The  important  dimensions  of  the  assembled  structure 
are  likewise  given,  and  the  sizes  of  the  members  and  their 
lengths,  are  denominated.  Figs.  2  and  3  are  not  of  much 
importance;  their  principal  purpose  is  to  show  that  the 
roof  sheathing  runs  diagonally  and  that  the  siding  of  ttie 
skylight  is  divided  into  three  panels,  the  central  panel  being 
a  fixed  glazed  sash,  while  the  side  panels  are  filled  with 
louvers.  Fig.  4  illustrates  the  diagonal  or  portal  bracing 
extending  longitudinally  of  the  building  between  the  several 


I 


i 


ROOF  TRUSS 

CENE 


-  fbrtina  Z  Ban  Oi/  'at  ISS  lbs.  per  /bof. 
euasef  Ffafts  i'Thick. 
fleof  3x6  Spnice  Plank-  'Sm^us  and 
GntotrJ Rafters  4% 8'. 


RAIN  SHED- II 

VSti. 


rig.  5. 


- 

- 

- 

- 

- 

- 

- 

19^ 

■-, 

- 

- 

- 

— 

T 

•1 
f 

1 

»i 

Plan.         Scale  I'-tSp. 


Seehonal  ClevaNgit  fhrougit  Cmttr. 
ng.  6. 


I 


TKF  NEW  YORK 
PUBLIC     LIBRARY 

TtLDrs    r--".     .'  ■.-...      I 


§14  STRUCTURAL  DRAFTING  215 

steel  columns,  while  Fig.  5  shows  a  similar  system  of  bra- 
cing, extending  between  the  upright  members  of  the  roof 
truss  marked/^  in  Fig.  1.  Fig.  6  shows  merely  a  dia- 
grammatical plan  and  side  elevation  of  the  shed,  the  principal 
feature  of  the  elevation  being  the  diagonal  bracing,  the 
upper  tier  of  bracing  being  detailed  in  Fig.  5,  while  the 
lower  tier  is  completely  described  in  Fig.  4. 

93.  The  center  line  of  the  column  in  Fig.  1  is  located 
6tV  from  the  left-hand  border  line,  the  foot  of  the  column 
being  located  2''  from  the  lower  border  line,  while  the  inter- 
section of  the  center  line  of  the  rafter  member  and  the 
center  line  of  the  column  is  5f  from  the  lower  border  line. 
From  the  dimensions  given,  the  center  lines  of  the  several 
members  may  readily  be  laid  out  and  the  members  drawn 
to  the  size  designated.  The  dimensions  of  the  gusset  plates 
can  only  be  obtained  from  a  detailed  drawing,  such  as  is 
shown  in  the  next  pldte.  Such  details  must  usually  be 
worked  in  conjunction  with  the  general  design. 

Having  laid  out  each  connection  and  completed  the  skele- 
ton framework,  finish  this  figure  by  drawing  in  the  Z  bar 
purlins,  wooden  rafters,  and  shejithing  as  designated,  placing 
on  the  drawing  all  of  the  dimensions  called  for  by  the  plate. 
Figs.  2  and  3  require  little  explanation,  though  it  will  be 
observed  that  the  Z  bar  purlins  in  Fig.  2  are  projected 
from  Fig.  !•  Carefully  study  these  figures  and  determine 
conclusively  the  appearance  and  position  of  the  steel  work 
before  attempting  the  drawing.  Locate  the  line  ac,  Fig.  2, 
ii"  from  the  roof  surface  in  Fig.  1.  The  center  line  ad 
in  Fig.  3  may  be  drawn  5j'^  from  the  rijiht-hand  border  line, 
while  cdy  ef,  gh  and  all  similar  horizontal  lines  are  projected 
from  Fig.  1.  Fig.  4  offers  no  difficulty  and  the  bottom  of 
this  figure  is  in  line  with  the  bottom  of  the  column  in  Fig.  1 , 
while  the  center  line  of  the  column  is  \"  from  the  left-hand 
border  line.  Fig.  5  can  be  conveniently  located  1}'^  and  5 J" 
from  the  lower  and  right-hand  border  lines,  respectively. 

In  drawing  both  of  these  figures,  dependence  must  be 
placed  on  the  details  shown  in  the  subsequent  plate.     It  is 
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castomary  tor  the  draftsman,  in  laying  out  the  general  draw- 
ing, to  decide  on  the  details  at  the  junction,  and  in  designing 
these  he  must  often  roughly  draw  them  full  size,  so  as  to  deter- 
mine whether  there  is  sufficient  room  for  holting  and  riveting. 
Fig.  6  needs  little  explanation  and  may  be  drawn  on  the  plate 
5"  from  the  right-hand  border  line  and  1"  from  the  lower 
border  line,  leaving  a  apace  of  I's"  between  the  two  views. 
All  notes  and  dimensions  having  been  placed  on  the  plate,  it 
may  be  titled  and  inked  in.  This  plate  gives  only  the  general 
design,  and  is  such  a  drawing  as  is  frequently  furnished  by 
the  architect  or  consulting  engineer  to  the  steel  company. 


DRAWING   PLATBi  TITLE;   KOOF  TRU88  FOK 
TRAIN    BIIED — III 

DETAILS 

94.  This  plate  shows  the  »triictnral  iletatis  for  the 
train  shed  designated  in  the  general  drawinE  on  the  prece- 
ding plate.  It  is  practically  a  shop  drawing,  though  it  must 
be  understood  that  all  shop  drawings  possess  the  individu- 
ality of  the  particular  shop  in  which  they  are  made,  so  that 
they  differ  somewhat  in  the  minor  features  of  execution  and 
methods  of  detailing. 

On  this  plate  are  illustrated  the  details  of  all  joints  in  the 
truss,  and  in  practice  it  would  be  the  drawing  from  which 
the  wooden  templets  for  laying  out  the  work  would  be  made 
and  by  which  the  correct  position  of  the  rivet  holes  for 
punching  and  drilling  would  be  located.  It  will  be  noticed 
that,  at  certain  points,  field  rivets  are  shown  and  that  at 
these  points  the  truss  is  divided  into  sections  for  conve- 
nience in  shipment  and  erection.  For  example,  the  column, 
Fig.  4,  would  be  shipped  sep.trate  from  the  truss,  while  the 
half  truss  7" 7?  P  would  compose  another  part  of  the  shipment. 
By  the  arrangement  of  the  shop  and  field  rivets  at  the  apex 
of  the  tniss,  it  will  also  be  observed  that  the  gusset  plate  T, 
Fig.  1,  is  to  be  shipped  with  the  left-hand  half  of  the  tmsa, 
leaving  the  angles  of  the  right-hand  half  to  be  connected 
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when  the  truss  is  erected.  It  is  hardly  necessary  to  locate 
the  several  views,  for  the  student  should  be  competent  to 
lay  out  the  work  with  little  explanation,  especially  as  all  of 
the  dimensions  are  given. 

In  Fig.  1  are  shown  the  details  for  the  junction  of  the 
several  members  of  the  roof  truss.  In  Fig.  2  is  shown  a 
normal  view  of  the  top  flange  of  the  rafter  member  at  its 
junction  with  the  structural  steel  column,  while  Fig.  3 
shows  a  plan  view  looking  down  on  the  top  of  the  truss  at 
its  apex.  Fig.  4  is  the  necessary  drawing  for  the  steel 
columns,  and  in  conjunction  with  this  are  shown  the  connec- 
tions for  the  knee  braces  at  A  and  the  diagonal  wind  bracing 
at  C  In  Fig.  5  is  shown  the  detail  for  the  canopy  supported 
over  the  sidewalk,  which  is  considered  as  a  portion  of  the 
roof  truss.  Fig.  6  shows,  in  detail,  the  construction  for  the 
support  of  the  lantern  or  skylight,  while  in  Figs.  7  and  8 
are  shown,  respectively,  the  diagonal  wind  bracing  between 
the  upright  members  in  the  roof  truss  and  the  foundation 
pier  and  footing  for  the  support  of  the  steel  columns. 

In  drawing  this  plate,  observe  extreme  accuracy  and  be 
careful  in  laying  out  the  oblique  members  of  the  roof  truss  to 
draw  them  at  the  correct  angle,  which  may  be  obtained  from 
the  general  drawing. 

DRAWING    PLATE,    TITLE:      DETAILS    OF    GYMNA- 
SIUM  TRUSS 

95.  This  plate  deals  only  with  some  parts  of  the  truss, 
but  a  clear  understanding  of  the  complete  truss  may  be 
obtained  by  studying  the  elevation  given  in  Fig.  40.  The 
truss  is  an  arched  steel  truss  with  an  outside  span  of  90'  8^', 
and  the  parts  selected  for  detailed  treatment  on  the  plate  are 
the  lower  portion,  or  what  might  be  called  the  heel  connec- 
tion, and  the  upper  portion,  or /^^^a^  connection.  The  former 
is  shown  in  Fig.  1,  the  latter  in  Fig.  2. 

Owing  to  the  fact  that  this  truss  is  of  such  size  that  it 
cannot  be  shipped  in  one  piece,  it  is  necessary  to  divide 
it  into  pieces  of  suitable  size.  The  points  where  it  is  dis- 
connected, which  constitute  field  connections,  are  A  A^  at  the 
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center  of  the  truss;  B  B'  near  the  outside  left-hand  bend;  at 
the  intermediate  points  C.  D.  E;  and  at  other  similarly  located 


points,  not  shown  on  the  plate.  The  great  length  of  the 
members  e,  f,  g,  and  h  made  it  necessary  for  them  to  be 
detached  and  riveted  in  place  during  erection.     For  similar 
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reasons,  the  rafter  members  were  also  divided  into  smaller 
lengfths,  the  part  here  shown  being  22'  1|^'  long. 

To  prevent  any  spreading  of  the  truss  ends,  they  are  con- 
nected by  a  tension  bar  shown  by  the  dot-and-dash  line  in 
Fig.  40,  that  connects  at  either  end  of  the  truss  with  pins  s 
in  the  gusset  plates,  Fig.  1.  When  in  position,  this  ba,r 
extends  under  the  floor  and  is,  consequently,  both  out  of 
the  way  and  out  of  sight.  The  ends  of  the  truss  do  not 
rest  on  a  flat  bearing  plate,  but  are  supported  on  a  shoe  by 
means  of  the  pin  /,  Fig.  1;  details  of  the  shoe  are  shown 
in  Fig.  41.  The  brackets  shown  in  elevation  and  end  view 
at  the  lower  left-hand  end  of  the  truss  fit  in  this  shoe.     By 


providing  a  pin  bearing  for  the  ends  of  the  truss,  the  deter- 
mination of  the  stresses  in  the  several  members  is  made 
ea$ier,  as  an  arched  frame  that  is  pin-connected  at  three 
points,  may  be  analyzed  by  the  usual  graphical  method. 
The  pin  connections  at  i  and  /  are  of  further  advantage 
in  so  far  that  they  allow  expansion,  due  to  changes  in  tem- 
perature, to  take  place  in  the  truss  without  producing  strains. 
Further  provisions  for  expansion  are  made  in  order  to  relieve 
the  light  portions  of  the  frame  near  the  apex  from  any  pos- 
sible strain  during  the  expansion  of  the  other  parts.  For 
this  purpose,  slotted  holes  are  introduced,  as  shown,  in  the 
gusset  plates  k  and  /  to  receive  the  1''  rods  that  brace  each 
pair  of  trusses  in  a  lateral  direction,  as  shown  in  Fig.  42. 
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As  the  brace  rods  pass  obliquely  through  these  holes,  they 
require  a  special  tapered  washer  in  order  that  the  nul  at  the 
end  may  get  a  firm  bearing.  When  any  expansion  occurs, 
the  slotted  holes  permit  the  brace  rods  to  have  a  certain 
amount  of  motion. 

96.  It  will  be  noticed  that  all  the  members  are  made  up 
of  two  angles  riveted  side  by  side  with  a  series  of  separators 
interposed  between  them,  the  rivets  passing  through  the 
latter,  one  of  which  is  shown  more  fully  in  Fig.  43.  These 
separators  prevent  the  angles  in  the  tension  members  from 
striking  each  other  in  case  of  vibration,  while  in  the  strut 
members  the  separators  prevent  any  spreading  of  the  angles 
and  thus  insure  a  maximum  reaction  under  compression. 

The  jaw  plate  ot,  Fig.  3,  overlaps  the  connection  at  n. 
Fig.  4,  to  a  considerable  extent;  it  is  therefore  necessary  to 
countersink  the  rivet  at  o,  as  shown.  The  joint  shown  in 
Fig.  4  is  stiffened  laterally  by  the  splice  pl^e^.  which  has 
its  right-hand  half  provided  with  slotted  holes,  thus  allowing 
for  movement  in  case  of  expansion, 

97.  The  main  views  on  the  plate  are  drawn  to  a  scale 
of  i"  =  1',  and  those  of  the  enlarged  views  to  a  scale  of  1" 
=  1'.  In  the  notes  placed  near  some 
of  the  truss  members,  mention  is  made 
of  certain  letters.  These  are  shop 
marks  and  are  not  intended  to  refer  to 
the  reference  letters  used  in  some  of 
the  views.     The  separate  views  found  Fio.« 

near  some  of  the  members  represent  side  views  of  the  same, 
as,  for  instance.  Fig.  5,  which  is  a  side  view  of  the  adjacent 
vertical  member  of  the  truss;  beside  members  /  and  A  are 
found  similar  views.  Below  the  end  containing  the  pin /is 
shown  a  sectional  plan  taken  through  the  center  of  pin  i 
under  the  center  of  the  truss  is  a  bottom  plan  of  the  low 
member  showing  the  splice  plate  /. 
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DRAWING  PliATE,  TTTIiB:    SPANDREIi  SECTIONS 

98.  The  exterior  walls  in  skeleton  construction  are 
necessarily  mere  shells,  or  casings,  covering  the  steel 
frame,  on  which  they  rely  for  support.  They  may  be 
divided  into  panels,  including  the  space  between  the  verti- 
cal supports  and  a  height  sufficient  to  embrace  one  distinct 
architectural  feature  and  type  of  construction.  These  panels 
are  called  spandrel  sections  and  are  usually  drawn  to  a 
i,  f,  li,  or  any  convenient  large  scale  by  which  the  con- 
struction may  be  clearly  shown.  This  plate  gives,  in  detail, 
the  entablature  of  a  high  building  consisting  of  the  archi- 
trave, frieze,  and  cornice,  and  the  parapet  to  be  drawn  to 
a  scale  of  V  =  l^  It  will  readily  be  seen  that  the 
extreme  height  calls  for  heroic  proportions  and  the  distor- 
tion of  many  classic  lines  in  the  several  members  in  order 
to  obtain  the  perspective  effect  desired.  In  this  case,  a 
height  of  nearly  three'  stories  is  required  for  this  prominent 
feature  of  the  design. 

The  importance  of  accurately  drawn  and  scaled  spandrel 
sections  will  be  readily  understood  when  it  is  known  that 
from  these  sections  the  exaggerated  proportion  and  projec- 
tion of  the  moldings  may  be  determined;  the  location  of  and 
required  allowance  for  joints  ascertained;  the  position  and 
size  of  tie-rods,  hangers,  straps,  and  anchors,  as  well  as  the 
most  economic  construction  of  the  plate  girders,  the  size, 
weight,  and  position  of  beams,  channels,  cantilevers,  etc. 
and  the  general  massing  of  materials  determined. 

Fig.  1  is  a  sectional  plan  of  a  pier  and  window  jamb,  which 
shows  the  building  to  be  of  brick  with  terra-cotta  trimming; 
from  it,  a  portion  of  the  lines  in  the  elevation.  Fig.  3, 
may  be  projected.  Fig.  2  shows  a  plan  of  the  steel  con- 
struction taken  through  the  column  at  four  given  altitudes. 
From  this  plan  and  Fig.  3,  the  sectional  elevation,  Fig.  4,  is 
to  be  projected.  Fig.  3  is  divided  into  three  vertical  parts: 
(3)  showing  the  steel  frame  and  connections  in  elevation; 
(F)  a,  vertical  section  through  the  terra  cotta,  showing  the 
width  and  varying  thickness  of  blocks,  the  vertical  joints, 
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also,  the  location  of  tie-rods,  hangers,  straps,  and  anchors; 
(G)  the  front  elevation  of  the  completed  work  with  the  posi- 
tion of  the  face  joints.  Fig.  4  shows  a  section  through  the 
wall  taken  at  gA,  Fig.  1.  This  section  should  be  carefully 
and  accurately  drawn,  as  it  is  the  key  to  the  massing  of  the 
parts,  and  in, actual  practice  an  error  in  this  might  cause 
serious  trouble. 

Having  the  border  lines  at  13"  X  17"  apart,  draw,  in  U] 
pencil  lines,  a  similar  parallelogram  inside  of  this,  at  f '  froi 
bottom  and  sides,  and  I"  from  top.  The  drawing 
instance,  to  project  beyond  this  enclosure.  Next  draw  the 
vertical  line  ad  Ij"  inside  of  this  and  fd  2i"  from  tlie  oppo- 
site side;  likewise,  lines  iJ  and  k  I  according  to  the  distances 
given.  Then  take  the  \"  scale  and  proceed  with  Fig.  1 
followed  by  Fig.  2.  Then  lay  off  the  horizontal  lines  of 
Fig.  3,  according  to  the  vertical  line  of  figures  found 
on  Fig.  4.  Project  these  across  in  drawing  in  the  terra- 
cotta details.  The  principal  lines  of  the  steel  frame  should 
be  drawn  next,  procuring  Ihe  dimensions  from  the  pli 
Fig.  2,  and  the  line  of  height  given  in  Fig.  4. 

The  bearing  angles,  hangers,  and  ties  are  to  be  local 
after  the  terra  cotta  has  been  detailed,   as  they  are  sub-" 
servient  to  it.     Next  follows  the  brick  backing,  the  parallel 
dotted  section  lines  being  spaced  A"  apart  before   lining 
with  the  pen. 


99.  This  being  a  general  drawing  from  which  the  ne« 
sary  full-size  details  are  made  and  also  the  shop  drawings" 
for  the  steel  work,  it  is  not  necessary  to  show  the  riveting 
or  other  detail  that  does  not  directly  affect  Ihe  exterior 
design.  When  the  entire  drawing  has  been  completed  in 
pencil  and  all  superfluous  lines  erased,  it  may  be  cleaned  up 
and  prepared  for  inking  in  and  coloring  by  going  over  it 
lightly  with  a  velvet  or  sponge  rubber. 

For  the  purpose  of   inking  in  and  laying  on  washes  < 
color,  proceed  as  follows: 

1.     First  mix  up  a  light  wash  of  burnt  sienna  and  wat^ 
Then  with  a  small  brush  capable  of  spreading  A"  at  t 
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tip,  color  in  between  the  pencil  lines  representing  terra 
COtla.  Next  mix  up  in  a  saucer  a  small  quantity  of  Prus- 
sian blue  and  water  sufficiently  strong  to  give  a  clear  and  dis- 
tinct blue  line  when  applied.  Fill  the  drawing  pen  with  this 
up  to  about  i"  from  the  point  and  proceed  to  ink  in  all  the 
ironwork,  as  shown  on  the  copy. 

2.  If  bottled  India  ink,  not  water-proof,  is  used,  dip  out  a 
small  quantity  in  a  saucer  and  dilute  with  a  drop  or  two  of 
ammonia  and  water  to  deprive  it  of  its  glossy  blackness;  but 
stick  ink,  ground  in  water  to  a  blackness  little  heavier  than 
a  pencil  line,  is  preferable.  Filling  the  pen  as  previously 
described,  proceed  to  line  up  all  the  work  except  those  lines 
that  are  in  color,  being  careful  not  to  go  over  the  blue  again 
nor  encroach  on  the  position  reserved  for  the  red  lines,  nor 
extend  outside  of  these  and  leave  a  ragged  edge  too  wide 
to  be  covered  by  the  black  lines  that  follow. 

3.  For  the  red  lines,  mix  up  either  vermilion  or  crimson 
lake  with  a  little  yellow  and  proceed  to  line  up  in  the  usual 
manner. 

The  lettering  and  figures  may  be  of  the  dense  black,  as  on 
previous  plates. 
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rNTBODUCTION 

1.  In  practice,  the  draftsman  is  required  in  most  cases 
to  draw  from  rough  freehand  sketches,  made  by  himself  or 
by  some  one  else,  either  from  an  actual  object  or  an  imagi- 
nary one.  For  instance,  suppose  that  a  machine  is  in 
operation  somewhere,  of  which  the  drawings  never  existed 
or  were  lost.  For  the  purpose,  say,  of  rebuilding  or  regu- 
larly manufacturing  this  machine,  a  set  of  working  draw- 
ings is  required.  Suppose,  as  is  most  generally  the  case, 
that  the  machine  is  so  located  that  it  is  not  readily  acces- 
sible to  the  draftsman  at  all  times,  so  that  he  cannot  take 
measurements  while  making  the  drawing,  even  if  this  were 
commendable.  In  such  cases  he  must  make  sketcbes, 
that  is,  rough  mechanical  drawings  freehand,  from  which 
later  on  he  executes  the  regular  drawings. 

Again,  suppose  a  certain  change  or  modification  is  to  be 
made  in  a  machine,  machine  part,  or  mechanism,  or  a  new 
one  is  to  be  made,  and  a  working  drawing  is  required. 
The  idea  is  then  made  clear  to  the  draftsman  by  means  o£ 
sketches  more  or  less  complete,  from  which  the  regular 
drawings  are  subsequently  elaborated. 

2.  A  sketch  must  have  all  the  essentials  of  a  working 
drawing  except  that  it  is  not  made  to  scale,  although  the 
relative  proportions  of  the  object  represented  are  main- 
tained as  near  as  this  is  possible  by  mere  eyesight.     As  in  a 
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mechanical  drawing,  the  sketch  must  clearly  contain  all  the 
dimensions  and  explanatory  notes  necessary  to  enable  the 
object  to  be  made   from  it.      To  all  intents  and  purposes, 
then,  a   working   sketch   could   be   immediately  used  as  i 
working  drawing,  and  is   sometimes   so  used  in   cases  i 
emergency.     A  regular  working  drawing  is,  however,  gen^ 
erally  more  elaborate;   not  only  is  it  drawn   to  scale,  but 
generally  a   smaller   number   of   views   of   the   object    are 
shown  than  are  required  in  a  sketch.      In  both,  one  endeavors 
to  get  along  with  as  few  views  as  are  necessary  to  clearly 
represent  the  object,  although  in  a  sketch  a  multiplicity  of 
lines  is  avoided  by  additional  views  and  sections,  which  can 
be  quickly  drawn;  also,  various  notes,  short  cuts,  and  con- J 
ventional  marks  may  be  used  more  freely  on  a  sketch  thu 
would  be  tolerated  on  a  regular  drawing. 

3.    Method  of  Procedure. — In  sketching  an  object, 
is  first  fully  represented  in  as  many  views  as  are  necessarj 
to  bring  out  all  the  details;   the  measurements  are  laka 
afterwards  and  written  in.     This  is  by  far  the  best  plan,  i 
much  time  may  be  wasted  by  trying  to  take  measurements^ 
and  write  dimensions  as  one  sketches.     Furthermore,  by  first 
fully  completing  the  sketch  a  better  general  knowledge  of 
the   object   is    gained,    which   will   help    in   distinguishing 
between  dimensions  that  are   essential  and  those  that  ar^J 
not.     Of  this  more  will  be  said  later. 
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GENERAL    UESLARK8    ON  SKETCHING 

4.  Materials  for  Sketching. — All  that  is  needed  for 
making  a  sketch  are  a  lead  pencil,  paper,  and  a  soft  rubber. 
It  is  convenient  to  have  the  rubber  attached  to  the  end  of 
the  pencil.  Various  rubber-tipped  pencils  are  in  the  market 
and  are  readily  obtainable  from  stationers.  The  paper 
is  best  used  in  letter  size,  8"  X  10"  done  up  in  pads,  from 
which  the  single  sheets  can  be  detached  one  by  one.  The 
paper  should  be  heavy,  so  that  it  will  stand  considerable 
abuse;  Manila  paper  is  very  good  for  the  purpose.  Cross- 
section  paper  is  well  adapted  to  sketching;  the  little  squares 
are  a  great  aid  in  enabling  the  piece  to  be  sketched 
in  proper  proportion  and  assist  materially  in  producing 
rapidity.  The  kind  that  is  divided  into  ^"  squares  is  to  be 
preferred.  The  student,  however,  is  advised  not  to  use  it 
until  he  has  become  proficient  in  making  sketches  on  plain 
paper,  since  in  actual  practice  he  will  frequently  be  obliged 
to  make  sketches  on  plain  paper,  and  he  will  find  it  very 
difficult  to  do  this  if  he  has  learned  to  depend  on  cross- 
section  paper.  The  student  should  not  use  it  in  the  work 
done  in  connection  with  this  paper.  It  must  be  kept  in 
mind  that  the  sketch  is  not  a  correct  drawing  lo  scale,  and 
the  student  should  be  guided  by  the  eye  entirely,  except 
when  making  various  views  of  the  same  object  correspond, 
of  which  more  will  be  said  presently. 

5.  Sketch  of  a  Single  Object  Requirinior  But  One 
View, — As  previously  stated,  one  should  get  along  with 
as  few  views  as  possible;  in  some  cases  a  single  view  will 
be  sufficient  for  the  sketch,  while  perhaps  two  might  be 
called  for  in  the  working  drawing   made   from   it.     Thus, 
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a  side  view 
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illustrated  in  Fig.  1  can  be  fully  represented  by 
as  shown  in  the  sketch,  Fig.  2;  nor  would  the 
working   drawing  subsequently  made  from  it 
require   any   more,  since   the   view  cannot  bftj 
mistaken   for   anything  else   than  a  stud  bol 
with   a  hexagonal   head.     If   the   bolt   had  ail 
square   head,  only  one   side  wuuld  be  shownjT 
the  fact  that  two  sides  are  shown  in  the  sketch] 
indicates  that  the  head  is  hexagonal. 


6.     Fig.  3  illustrates  an  object — a  bushinj 
^ihat  might  be  sketched  in  a  single  view,  bud 
would  probably  in  a  working  drawing  be  represented  bw 


both  a  section  and  an  end  view,  to  show  that  the  two  rect-J 
angles  represent  cylinders  and  that  there  are  only  twoj 
holes  in  the  flange.  In  the 
sketch,  Fig.  4,  the  end  view 
may  be  dispensed  with  and 
a  note  substituted  giving 
the  information  about  the 
holes.  That  the  body  is  cyl- 
indrical may  be  indicated 
conveniently  by  adding  to 
some  of  the  measurements 
the  letter  D,  meaning  diam- 
eter. While  such  a  view 
is  sufficient,  an  end  view 
alone    would    clearly    not    be,    as    it    would   not    discio! 
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the  length  of  the  iwo  cylinders,  and  would,  even  with 
the  necessary  information  to  that  effect,  be  wholly  inade- 
quate  to   form  at    once   a   mental    picture   of    the   shape 


%U^ 


of  the  body.  It  is  thus  seen  that  judgment  must  be 
used  as  to  what  view  to  sketch.  Rather  than  leave  any 
doubts,  two  views  should  be  made. 

7.    SketcU    of    a    Single     Otject    Requiring    Two 
VlewB. — Fig.  5  is  an  illustration  of   an  object — a  gripper 


from    a    printing   pre 

ss— 

that  requires   two   vi 

i 

a   front   view    giving 

the                 J 

peculiar     outline     of 

the               « 

piece,    and    an    end    v 

m 

or    a     bottom     view, 

■ 

show     the     widtli. 

•a 

Fig.   6.     While  either 

ii,=     ^ 

front    view   and    the 

end 

view,    or    the    front 

'Jew 

and  the    bottom    viei 

,    would   suffic 
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bottom   view   would   not.     The  bottom  view   is   shown  i 
dotted   lines,   and   it    is    at   once   evident   that   this   view] 


and  the  end  view  would  not  show  the  shape  of  the  objw 
in  this  instance. 

8.     Sketch    of    a    SioKle    Object    Requiring    Three  ' 

Views. — An  object  is  represented  in  Fig.  7  that  is  simple  in 
.  ^^^      ^^^_  appearance.       However, 

^^^^^^p  ^^^^^  ^^^^^L  necessary    to  show 

^^^^^B  ^^^^B  ^I^H  three  order 

^^^^^^V  ^^^^1    ^^^^1  shape.     The 

^^^^^V  ^^^^1   ^^^^1  the 

^^^^^V  ^^^^^H    ^^^^1  the 

^^^^^1  j^^^^H    ^^^^1  plan  the 

^^^^^P  .J^^^^^^M_^^^^^^^^^  depth  the 

^^^^^        ^^^^^^^^^I^^^^^^^^H  and  they  also 

^r  ^^^^^^^^^^^^^^^^^^^  show,    respectively, 

^"  ^  the  uprights  and  ends  of 

Fro,  7  the    base     terminate 
semicircles.    These  are  features  the  front  view  does  not  sbt 
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9.    Sketch  of  a  Single  Otijeot  Requiring  a  Section. 

Three  outside  views  will,  as  a  general  rule,  be  sufficient  to 
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to  imagine  the  object  cut  along  a  certain  plane  and  one  of 
;  parts  removed,  a  sketch  being  made  of  the  remainin 


part.     Fig.  9  is  an  example  of  such 


object — a  safety  collar, 
A  side  view  and 
front  view.  Fig.  10. 
give  all  the  outside 
features.  To  show 
everything  of  the 
inside  in  a  single 
section,  a  so-called 
conventional  sec- 
tion has  been  taken 
along  the  broken 
line  die  of  the  front 
view.  This  enables 
the  draftsman 
show  both  thehei 
spherical  cavities 
in  one  of  which  the 
setscrew  is  placed 
with  its  head  below 
the  outside  circum- 
ference, 

catch  on  the  cloth- 
ing— and  the  hoi 
with  rectangul 
cross -sections  coi 
in  the  casting 
secure  lightiu 
The  section  furl 
shows  the  offset 
the  middle  of 
shaft  hole,  leavi 
only  a  compara^ 
lively  small  surface  at  each  side  to  be  finished  and  fitted  Ui 
the  shaft.  It  also  shows  that  the  end  surfaces  are  not 
planes  but  concave  surfaces.  A  section  along  a  line  cd. 
equivalent  to  the  dotted  lines  in  the  front  view,  would  not 


nnot 

loth- 

I 


show  these  latter  features 
clearly  and  would  therefore 
not  be  sufficient. 


10.  Sketcli  of  Two  or 
Blore  Oijects  Fitted  To- 
Kollier. —  When  a  combi- 
nation of  parts  is  to  be 
sketched,  such  as  an 
entire  mechanism,  it  is 
advantageous  in  several 
respects  to  sketch  them  as 
a  wliole  first.  The  follow- 
ing is  gained  thereby:  a 
clear  idea  is  acquired  of 
how  the  various  parts  fit 
and  work  together;  many 
dimensions  will  have  to  be 
taken  but  once.  After  hav- 
ing gained  all  the  informa- 
tion possible  without  taking 
the  mechanism  apart,  each 
piece  is  removed  one  by 
one.  sketching  while  doing 
so  any  additional  features 
ihat  may  present  them- 
selves, which  may  even 
t'all  for  additional  figures. 
Pig.  U.  which  shows  one  of 
a  pair  of  connecting-rods 
from  a  printing  press,  is  an 
illustration.  Thetwo  parts 
tilted  together  are  the  rod 
proper,  having  two  eyes, 
one  of  which  is  provided 
with  an  eccentric  bushing 
having  a  bracket  of  peculiar 
shape.     In  taking  the  view 
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of  the  combination  as  a  whole,  the  bushing  was  observed 
to  have  a  larger  outside  diameter  in  the  front  than  in  the 
back.  To  find  out  how  far  into  the  eye  the  larger  part 
extended,  the  bushing  had  to  be  slipped  out,  when  it  was 
seen  that  the  larger  diameter  was  due  simply  to  a  slender 
shoulder  following  the  rounding  of  the  edge  of  the  eye  of 
the  rod  proper,  and  a  little  sketch  («),  Fig.  12,  was  jotted 
down  to  emphasize  this.  Otherwise,  the  two  parts  sketched 
together  give  all  the  information  necessary  to  draw  them 
separately  on  the  working  drawing.  The  mate  of  the  rod 
sketched  ia  exactly  the  same  with  the  exception  that  the 
I"  pin  is  symmetrically  opposite  on  the  other  side  of  the 
center  line,  and  the  bracket  (/()  of  the  bushing  is  reversed, 
as  seen  on  the  bushing,  shown  detached.  In  a  case  like 
this  it  is  sufficient  to  mark  on  the  sketch  "one  right,  one 
left,"  the  sketch  thus  covering  four  pieces  at  once.  The 
abbreviation  /.  a.  o.  found  on  this  sketch  means  "finished 
all  over, " 

11.    Fragmentary    Vleivs;     Symmetrical    OtiJects. 

Many  objects  present  a  repetition  of  parts,  in  which  case, 
it  is  sufficient  to  sketch  only  parts  of  such  objects.  This 
is  particularly  the  case  in  objects  that  are  symmetrical 
with  reference  to  certain  lines  so  that  the  sketch  will 
also  be  symmetrical  to  such  lines,  which  are  called  axes  of 
symmetry.  An  axis  of  symmeti-y  is  any  line  so  drawn, 
that  if  the  part  of  the  figure  on  one  side  of  the  line  he 
folded  on  this  line,  it  will  coincide  exactly  with  the  other 
part,  point  for  point  and  line  for  line.  The  use  of  frag- 
mentary sketches  must  not,  however,  be  carried  too  far, 
using  the  expedient  only  when  it  is  of  real  help — when  it 
saves  time  and  it  does  not  make  the  sketch  clearer,  to 
draw  the  view  in  full,  Thus,  it  would  not  help  much  to 
show  only  half  of  the  bolt  (Fig.  1).  the  bushing  (Fig,  3), 
the  gripper  (Fig,  5),  the  bracket  (Fig.  7),  or  the  collar 
(Fig.  9),  as  these  pieces,  though  they  are  symmetrical 
to  a  certain  center  line,  arc  as  easily  sketched  in  I 
Cases  in   which   fragmentary  sketches   may   be   made  i 
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symmetrical  machine  frames,  as  shown  in  Fig.  i:t  ami 
sketched  in  Fig.  14,  or  pulleys  and  other  wheels,  as  shown  in 
Fig.  15  and  sketched 
in  Fig.  16- 

13.    Center  Twines 
and    Pro|>ortlons.  — 

In  starting   a  sketch, 

decide  on  a  view  that 

seems  to  disclose  most 

of  the  features  of  the 

object.      Select  one  of 

the  most  striking  dimensions, — as,  for   instance,  the   total 

length  or  total  height  of  the  piece  to  be  sketched, — and  mark 


'^K> 


L_^ ^ 

I  O                             Of 
i. 
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down  a.  distance  on  the  paper  that  represents  the  dimension. 
Then,  until  the  sketch  is  completed,  this  forms  the  basis 
to  proportion   the   other  dimensions,  by   comparing   them 
mentally   with   it.     If    the 
object    is    symmetrical    to 
certain    axes,    draw    these 
axes  first.     Thus,  in  round 
pieces  like  those  shown  in 
Figs.  1  and  3,  draw  the  cen- 
line.     Although   meas- 
?nients     are    not     taken 
im  these  imaginary  lines, 
they  are  of   great    help  in 
guiding     the     eye     while 
making   the   sketch.     This 
is    especially    true    in    the 
case  of  circles.     When  more 
^"'-  '*  than  one   view  is  sketched 

of  an  object,  the  center  lines  at  once  serve  to  bring  various 
views  in  proper  relation  lo  one  another.     Thus,  in  sketching 
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into  symmetrical  halves.  Next  draw  the  base  liiir,  niul 
then  the  center  lines  of  the  bolt  holes  in  the  base  at  e\]un\ 
distances  right  and  left  of  the  main  center  line;  diiiw  the 
center  line  of  the  shaft  holes  in  uprights  parnllcl  to  and  at 
the  proper  distance  (judging  by  the  eye  only,  of  counte) 
from  the  base  line,  and  around  this  skeleton  of  center  Unca. 
draw  the  outlines  of  the  object.  When  the  front  view  JH 
finished,  start  the  plan.  To  do  this,  prolong  the  nillin 
center  [ine,  also  the  center  lines  of  the  holes  in  the 
base.  Draw  a  horizontal  axis  of  symmetry  paritllcl  t"  the 
base  and  the  axis  of  the  shaft,  thns  obtaining  a  sketeton 
of  center  lines  for  the  plan  around  which  to  draw  it,  Pro- 
ceed similarly  with  the  side  view,  carrying  over  the  center 
line  of  shaft  holes  and  drawing  a  new  axis  of  tiymmetry 
parallel  to  the  main  center  line  of  the  first  view. 

13.  Projection  Xilnei^. — In  sketching  varioim  vicw»  of 
an  object,  use  will  be  made  of  the  principles  of  geomctricnl 
drawing,  and  projection  lines  will  be  drawn  from  one  view 
to  the  other.  Such  lines  should  be  traced  on  the  iikctch 
very  faintly,  and  many  of  them  only  mcntiilly,  am  they  will 
make  the  sketch  confused  if  used  too  freely  or  made  too 
heavy. 

14.  Bhade  Unes. — It  is  not  cuttiomary,  u*  a  rule,  to 
employ  shade  lines  on  a  working  drawintf.  They  are,  how- 
ever, recommended  on  sketche*.  an  they  lend  to  niake  tbe 
sketch  clearer,  without  enuiilinff  much  etpenditurc  of  time, 
and  no  artifice  ^ould  b«  spared  that  will  cffe(.-t  ttiiit,  ctpC' 
cially  as  a  sketch  may  be  laid  aside  a  Untji  time  M'jtv  the 
finished  drawing  is  ro^ide. 

1ft.    BeedoOB  Mnd   C'aUlnir    Ititnn   tAium.  —  H«.t»ufu 

must  be  placed  id  tbe  sketch  in  proprr  jxjwiii'/n  toward  tbe 

lines  ct  scctioo  alooK  wfaldl  tbcy  »r€  Uken.     The  (M^'^f«ef 

poBtioD  alooe  vQl  JaJicatr  M  matt  ouk*  alm^  whi^  line 

•  tlie  ■ectioo  is  taken,  but  ia  Mxalkd  aMV^oWftuti  sect^AW 

(  oeoeaury  to  aUke  tht  nrttilliK  |4iMM  time  wtf  f*tlll« 

ir  tiK  sectional  vhm  Mm  Utt»  U  trnXi/M,  m 
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done,  for  instance,  in  Fig,  10.  There  are  two  sections  i 
Fig.  12;  one  is  taken  on  tiie  center  line  passing  through  the 
center  of  both  the  eccentric  hole  of  the  bushing  and  tlie 
center  of  the  eye  of  the  rod;  the  other  section  is  really  i 
conventional  section,  the  section  of  the  eye  being  taken  <) 
the  center  line  passing  through  the  center  of  the  eye,  ; 
the  section  of  the  bushing  being  taken  on  the  center  lin 
passing  through  its  own  center.  There  is  no  need  of  me! 
tioning  this  on  the  sketch,  however,  as  no  one  will  supp( 
that  a  measurement  is  taken  of  the  dimension  of  the  ejj 
along  the  line  passing  through  the  center  of  the  eccentrj 
bushing. 

16.  Cross -Sectioning  Material.  —  No  distinction  j 
made  on  a  sketch  between  materials  by  means  of  crot 
section  lines — the  name  of  the  material  should  be  writta 
on  the  sketch. 

ll.  Finish  Harks, — Finish  marks  should  be  placed  ^ 
the  sketch  wherever  lines  represent  finished  surfaces,  exce] 
in  those  cases  where  it  is  evident  from  the  nature  of  t 
pieces  that  the  surfaces  must  be  finished,  such  as  surfaol 
fitted  together.  The  principle  to  be  followed  in  makin; 
sketch  is  in  general:  Give  all  the  data  necessary,  but  avq 
unnecessary  marks  and  lines. 


MEAsrRING  IS9TRr»IENT8 

18.  The  instruments  to  be  used  in  measuring  the  dimen- 
sions of  an  object  for  the  purpose  of  making  a  sketch  and 
subsequently  a  working  drawing  depend  to  a  certain  extent 
on  the  accuracy  required.  To  explain  more  fully,  sup| 
one  of  the  eccentric  bushings  on  the  connecting-rod  fori 
printing  press,  Fig.  11,  to  be  so  worn  as  to  need  replacioj 
but  that  the  press  is  to  be  kept  running  while  a  new  piece  is 
being  made.     A  very  accurate  measuring  of  the  dimensions 
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is  then  necessary,  as  the  piece  must  fit  exactly.  On  the 
other  hand,  suppose  a  whole  machine  is  to  be  rebuilt  from 
an  existing  pattern,  and  that  for  this  purpose  drawings  are 
to  be  made  which  henceforth  shall  be  considered  standard. 
The  dimensions  need  not  necessarily  be  as  accurate  as  in 
the  first  case,  as  the  various  pieces  of  the  new  machine  will 
be  fitted  together  when  assembling.  In  the  former  case,  it 
may  be  necessary  lo  employ  much  more  delicate  instru- 
ments than  in  the  latter  case,  so  that  in  general  it  may  be 
said  that  a  draftsman  may  in  the  long  run  make  good  use 
of  any  measuring  instrument  to  be  found  in  the  market. 
For  ordinary  cases,  however,  the  tools  here  enumerated  and 
described  will  be  found  amply  sufficient. 


19.    Tlie  Two-Foot  Rule. — The  best-known  tool   for 
measuring  linear  dimensions  is  the  two-foot  rule,  which  is 


usually  made  up  of  four  leaves,  hinged  together,  to  allow  it 
to  be  folded  for  convenience  in  carrying,  as  shown  in 
Pig.  17,  The  rule  is  usually  made  of  boxwood,  with  brass 
joints  and  edges.  It  is  divided  into  inches  and  fractions 
of  an  inch.  Divisions  smaller,  however,  than  -^"  are 
rarely  marked  on  them,  so  that  the  smallest  fraction  that 
can  be  directly  measured  is  ^",  but  with  a  little  practice  it 
is  possible  to  locate  the  middle  and  quarter  points  between 
the  sixteenth-inch  marks  with  a  fair  degree  of  accuracy, 
thus  making  it  possible  to  measure  distances  as  small  as 
5*— aa 
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5>,"  and  g>,".  The  two-foot  rule  is  well  adapted  to  coflj 
paratively  rough  work,  where  accuracy  of  measuremeDt  | 
not  particularly  essential. 

80.  Tlie  Utandard  Steel  Rnle. — For  more  accun 
measurements,  steel  rules  are  used.  These  rules  are  alwaj 
graduated  on  both  edges  of  each  side,  and  a  large  choice  of 
different  kinds  of  graduations  is  offered  by  ibe  makers. 
For  use  in  sketching,  two  kinds  of  rules,  both  13  inches 
long,  will  be  found  very  essential.  One  has  divisions  of  the 
inch  into  8  parts  on  one  edge  of  the  one  side,  into  10  parts 
on  the  other  edge  of  the  same  side,  and  into  33  and  64  parts 
on  the  two  edges,  respectively,  of  the  other  side. 
other  rule  has  divisions  of  the  inch  into  10,  20,  50,  ai 
100  parts  on  the  four  edges,  respectively. 


21.  Steel  Tapes. — In  measuring  distances  greater  thi 
a  few  feet,  steel  tapes  are  very  convenient.  They 
made  in  lengths  varying  from  2  feet  to  100  feet  for  shop 
use.  The  graduations  are  not  very  fine;  hence,  tapes  are 
only  suitable  for  approximate  measurements.  For  a  special 
use  of  a  pocket  steel  tape,  see  Art.  33. 
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33.    The  l^tralglited^re. — It  is  very  convenient  to  ha' 
a  straightedge  among  the  tools,  although  any  straight  piece 
of  metal  or  wood,  the  blade  of  a  square  (see  Fig.  18),  may 
be  used  instead  in  an  emergency. 


33.  The  Square. — An  instrument  that  comes  into 
quent  use  is  the  square.  It  is  best  to  have  one  with 
adjustable  blade,  called  an  adjustable  square,  and  shown  in 
Fig.  18.  The  blade  a  is  held  in  the  stock  b  by  means  of  a 
hook  clamp  that  enters  the  groove  c  in  the  blade,  and  is 
tightened  by  means  of  the  nut  d.  The  stock  can  be  set  at 
any  point  throughout  the  length  of  the  blade,  and  also,  of 
course,  flush  with  the  end  of  it,  and  thus  serves  also  as  a 
solid  square.  A  special  bevel  blade  e  for  testing  atigl 
of  15°  and   30°   is  generally   furnished   with   this  sqi 
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The  stock  is  also  usually  provided  with  a  level  at/that  may 
be  used  in  testing  either  a  vertical  or  a  horizontal  surface. 
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It  should  be  borne  in  mind  that  a  square  is  perfect  only 
when  the  blade  and  stock  are  exactly  at  right  angles  to  each 
other,  and  that  a  fall  or  any  careless  use  is  liable  to  destroy 
its  accuracy. 

34.  Calipers. — Calipers  are  of  almost  endless  shapes  and 
sizes.  They  are  used  to  measure  either  the  diameters  or 
lengths,  from  a  small 
fraction  of  an  inch 
to  several  feet.  The 
simplest  forms  of  cali- 
pers are  shown  in 
Fig.  19.  Fig.  li)  («) 
illustrates  ou  i  siiie 
.  calipers,  used  for  ta- 
king outside  meas- 
urements of  shafts, 
wheels,  and  similar 
articles,andFig.l9(*) 
shows  a  companion 
tool,  the   inside  cali-  v\a-  la 

pers,   which,  as  the  name  implies,  is  used  to  measure  the 
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diameter  of   holes,  or  the  distance  between   two  object 
Another  class  of  calipers   is  provided   with   an    adju: 
screw,    as     si 
in  Fig.  20  (rt)  and" 
(^).     Calipers   are 


ofte 


used    to 


measure    the   oul 
side    diameter 
screws,  and    wh4 
so   used  are  mi 
as  in   Fig.  2C 
except     that 
contact  surfaces  a 
and    b    are    n 
wide     enough 
reach    across 
or    more    threi 
Similar 

^'°-  "*  pers    are    used   to" 

measure  the    bottom    of   screw    threads,   in    which    case 
the    points    are    beveled    and   thin,    like    a    knife    blade. 


I 


86.    The  Plumb-Bob.— The  plumb- 
bob   is  often    very    convenient   to   have 
among    the     tools     used 

in   sketching,    although  any 

small   piece  of   metal,    as   a 

nut,    a   penknife,  or  other 

small,  heavy  object  tied  to  a 

thread  does  equally  well   in 

G^        most  instances,  since  it  does 

I  ^"^^^^^  not  often  hap[>en  in  sketching 

I  fl^     ^^^k  that  a  plumb-line   must   be 

I  '^ft    ^^^m  established    over    a    certain 

I    ^K   ^^F     point;  in  this  latter  case,  a 

^^^       regular  plumb-bob  having  a 

\/  sharp   point    would    be    re- 

Fio.  91        quired,  as  shown  in  Pig.  21. 
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36.  Snrface  Gangre. — A  surface  g^uge  consists  of  a 
flat  base  to  which  is  attached  a  vertical  standard  that 
carries  an  adjustable  scriber.  Fig.  22  shows  a  simple  form 
of  this  instrument.  Its  use  in  sketching,  as  well  as  that 
of  the  other  tools  described,  will  be  more  fully  treated  in 
the  following  pages. 

TAKING  MEASUREMENTS 

37.  Writing:  Measurements  on  the  Sketch. — After 
the  sketch  itself  is  completed, — or  when  in  a  combination 
of  objects  fitted  together,  as  a  whole  machine,  the  sketch 
has  been  completed  as  far  as  that  is  possible  without  taking 
the  combination  apart, — the  taking  of  measurements  is 
begun.  £acA  measurement  must  be  put  dcnvn  07i  the  sketch 
as  soon  as  it  has  been  taken.  The  student  should  never  take 
several  measurements  one  after  another  with  the  intention 
of  writing  them  down  on  the  sketch  together.  He  is  certain 
to  make  mistakes,  causing  himself  and  others  considerable 
annoyance  in  using  the  sketch  afterwards. 

The  ascertaining  of  dimensions  of  an  object  by  measur- 
ing often  calls  for  considerable  ingenuity,  and  sometimes 
methods  of  the  draftsman's  own  devising  will  be  resorted  to 
that  are  not  found  described  in  the  following  pages,  which 
contain,  however,  those  in  most  frequent  use. 

38.  Distance  Betiveen  Two  Points  on  a  Plane  Sur- 
face.— This  is  the  simplest  measurement;  it  is  taken  by 
means  of  the  rule,  and  needs  no  explanation.  Most  fre- 
quently the  points  between  which  the  dimension  is  wanted 
are  located  on  the  edge  of  a  flat  surface,  that  is,  in  the  cor- 
ner of  two  flat  surfaces  meeting  as,  for  instance,  in  Fig.  14, 
the  top  and  bottom  measurements  (6 J"  and  24")  of  the  stand. 

39.  IjcnpTth  of  Cyllndrtcal  Surfaces. — A  measurement 
equally  simple  is  to  find  the  length  of  cylindrical  surfaces  by 
means  of  the  rule,  as,  for  instance,  the  lengths  (ly  and  ^") 
of  the  two  cylinders  in  Fig.  4,  or  the  length  of  the  shank  of 
the  tap  bolt  (If  J")  of  Fig.  2. 
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30.  Bound  and  Otherwise   Undefined  Comers:  Dla* 
tance  Between  Parallel  Planes. — Often  one  of  the  points, 

or  even  both,  the  distance 
between  which  is  to  be 
certained,  is  imaginary, 
for  instance,  when  there 
round  corners.  In  such  cases 
the  adjoining  surface 
be  prolonged  so  that  a  sharp 
corner  is  established.  F( 
instance,  the  length  {1^^ 
of  the  safely  collar,  Kig. 
could  not  be  measured 
rectly  with  the  rule,  but  tl 
collar  had  to  be  placed 
tween  two  flat  surfaces,  ancf 
the  distance  between  the 
latter  measured.  This  was 
most  conveniently  done  by  laying  the  collar  on  a  plane  sur- 
face and  using  the  adjustable  square,  as  shown  in  Fig.  21 
In  the  same  manner,  the  square  must  be  used  to  get  tl 
over-all  dimension  (Ifj")  of  the  bushing,  shown  in  Fi| 
See  Fig.  24.  As  wil!  readily  be  ob- 
served, this  method  is  really  equiva- 
lent to  taking  the  shortest,  that  is, 
perpendicular,  distance  between  two 
parallel  planes. 

31.  ThlcknesB. — It  is  not  always 
convenient  or  possible  to  measure 
distances  between  parallel  planes, 
real  or  imaginary,  by  means  of  the 
plane  surface  and  adjustable  square, 
as  shown  in  Figs.  23  and  2i.  In 
such  cases,  the  outside  calipers  are 
used ;  thus,  while  the  distance  across  ''"'■  •* 
flats  of  the  hexagonal  head  of  the  bolt.  Pig.  1,  may  I 
measured  with  the  plane  and  square,  it  is  more  conveaie 


arp 
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to  use  the  calipers,  while  the  thicknesses  (}")  of  the  webs  in 
the  cast-iron  stand,  Figs.  13  and  14,  must  be  measured 
with  the  outside  calipers,  if  the  measurement  is  to  be 
accurate,  the  corners  being  round.  Such  dimensions  are 
called  thicknesses, 

3!<S.    Distances  Bet^ev^een  Curved  Snrfiices:    Outside 
Diameters. — The  outside  calipers  are  also  used  to  ascertain 
dimensions  of  curved  sur- 
faces.    Thus,  the  dimen- 
sion  (1t^")  between  the 
top  of  the  piece,  Fig.   6, 
and  the  bottom  is  meas- 
ured   with     the    outside 
calipers.      Logically,    all 
outside      diameters     are 
measured  with  the  same 
instrument.       The     pro- 
cedure    is     as     follows: 
Open  the  calipers  approx- 
imately  wide  enough  to 
let  the  body  to  be  meas- 
ured pass  freely  between  ^'°  ** 
the  points.     Then,  by  gently  tapping  the  calipers  against 
some   convenient   object,  a   frame   near   by,  for   instance. 


Fig.  36 


gradually  close  (or  open)  the  legs  until  the  points  just  touch 
the  body  measured.     See  Fig.  25.     There  should  Le  no  play. 
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nor  should  the  points  pinch  too  hard.  It  requires  a  littl 
practice  to  get  the  proper  touch  by  tapping  the  calipen 
The  process  is  easier  with  spring  calipers,  having  screi 
adjustment,  shown  in  Fig.  20. 

After  the  calipers  are  properly  adjusted,  the  distance 
between  the  points  is  measured  with  the  steel  rule  in  the 
manner  shown  in  Fig.  a6. 

33.  It  often  happens  that  very  large  diameters  are  to 
measured,  for  which  the  calipers  available  are  too  small, 
in  the  case  of  pulleys,  wheels,  and  similar  objects.  Ofti 
in  such  cases  one  can  measure  near  enough  across  the  si( 
of  such  objects,  as  a  pulley,  for  instance,  with  »  long  rule 
a  stick,  but  equally  as  often  this  cannot  be  done  on  account 
of  other  parts  being  in  the  way;  for  instance,  when  a  pulley 
is  keyed  to  a  shaft,  perhaps  near  to  a  hanger  besides.  In 
most  cases  the  steel  tape  furnishes  excellent  means  for  get- 
ting at  the  diameter,  by  measuring  the  circumference  of  the 
wheel  or  pulley  and  dividing  the  same  by  3.141(5.  Thus,  if 
the  circumference  as  measured  with  the  tape  is  1  ft.  ^",  the 
diameter  is  7  ft.  iV""^  3.1416  =  7.0052  ft.  -i-3.U16  =  2}^  ft., 
very  nearly  =  3  ft.  3". 

34.  Inside   Dimensions:    Holes. — To  measure   Insii 
dimensions,  such  as  the  diameters  of   holes,  for  instaoi 


1 


the  inside  calipers  are  used,  as  in  Fig.  27.     The  procedui 
is   identically  the-  same  as  with  outside  calipers,   but  cai 
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must  be  taken  in  tapping  the  instrument  not  to  strike 
on  the  points,  as  these  will  be  easily  injured  thereby. 
After  the  instrument 
IS  adjusted,  the  dis- 
tance between  the 
points  is  again  meas- 
ured with  the  rule,  as 
shown  in  Fig.  28. 

35.  Over- All  Dl- 
menalone. — When  the 
length  of  an  object  is 
measured  in'  succes- 
sive steps,  as,  for  in- 
stance, the  bushing. 
Fig.  4,  it  is  best  also  ^'°-  ^ 

to  measure  the  whole  length,  which  then  serves  as  a  check 
on  the  measurements  previously  taken. 

36.  Exact  and  Approximate  Dimensions. — In  the  case 

of  most  objects  some  dimensions  must  be  exact,  while  others 
may  be  approximate.  Thus,  in  Fig.  2,  the  length  (Ifj")  of 
the  shank  of  the  bolt  must  be  measured  exactly,  as  the  bolt 
is  to  be  fitted  into  the  eye  of  a  lever  that  must  move  freely, 
without  undue  play  between  the  shoulder  of  the  head  and 
the  piece  into  which  the  bolt  is  screwed.  Suppose  that  the 
bolt  had  been  broken  off  at  the  screw  and  a  new  one  was  to 
be  made;  then  it  is  evident  that  the  shank  of  the  old  bolt 
must  be  very  carefully  measured  so  that  the  new  one  will 
exactly  fit  the  length  of  the  lever  eye.  The  other  lengths, 
that  is,  the  extreme  height  of  the  head  {{")  and  the  length 
of  the  screw  to  the  top  of  its  rounded  end  i\i")  are  clearly 
not  so  important.  It  is  permissible  to  round  off  such  unim- 
portant dimensions  to  the  nearest  j'j"  or  evtn  i^",  as  the  case 
may  be.  Thus,  suppose  the  length  of  the  screw,  Fig.  3, 
actually  measured  fj",  it  would  be  perfectly  correct  enough 
to  mark  this  dimension  }J"  on  the  sketch.  Other  examples 
are  the  width  and  thickness  of  the  base  and  uprights  of  the 
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object  shown  in  Figs.  7  and  8.  The  piece  is  a  casting 
finished  only  at  the  surfaces  marked  f^f.  The  actual 
measurements  showed  the  thickness  of  the  base  to  be 
between  i|"  and  ^"  and  the  thickness  of  the  upright  varied 
between  about  the  same  figures.  This  was  evideutly  due 
to  the  shaking  of  the  pattern  in  the  mold,  and  the  thickness 
intended  was  no  doubt  -j'j",  so  this  measurement  was  marlc< 
on  the  sketch.  Likewise,  the  radii  of  the  fillets  joining 
uprights  and  base  were  "guessed  at"  more  or  less  (see  Art. 
to  be  J"  and  J",  respectively.  In  the  various  sketches' 
a  number  of  such  dimensions  that  have  been  rounded  off, 
averaged,  or  more  or  less  arbitrarily  fixed  are  marked  with 
a  little  wavy  line  preceding  the  figures.    See  Figs.  8,  13,  el 


37.    Kstabllshlng    Centers.  —  Distances    between 
centers,  as  of  two  shafts,  two  holes,  or  distances  betwet 
center  and  a  surface,  etc.,  cannot  in  the  majority  of  ci 
be  measured  directly  with  any  of  the  instruments,  and 
requires  considerable  ingenuity  and  care  at  times  to  estab^ 
lish  such  dimensions.     The  following  are  a  few  examples. 

A  case  very  frequently  occurring   is  the  establishing  of 
the  distance  between  centers  of  two  holes,  as,  for  instam 
in   the  connecting-rod,   Figs.   11   and   13.     This  dtmensi< 
(24-^")  is  here  obtained  by  measuring  the  distance  betwi 
the  inside  edges  of  the  holes  (21|^"),  and  adding  to  this 
measurement  half  of  the  diameter  of  each  hole,  measured 

with    the    calipers,    the    result   being    21|J"  +  |"  +  -|i 

=  21H"+l"  +  lir  =  24iS"-  F'g-  Jl  a'so  furnishes 
another  illustration:  the  distance  between  the  center  of 
the  outside  circle  of  the  eccentric  bushing  and  the  center  of 
the  inside  circle,  that  is,  the  eccentricity  of  the  two  circles. 
To  find  this,  measure  the  thickness  of  the  bushing  at  the 
thinnest  part  {-^"),  add  to  it  half  of  the  diameter  of 
inner  circle,  and  deduct  this  sum  from  half  of  the  diamel 

of    the    outside    circle;    thus,    -^    _  (.ji," -|- j")  = 
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38.  If  the  holes  are  of  the  same  size,  the  distance 
between  centers  is  at  once  obtained  by  measuring  from 
the  outside  edge  of  one  hole  to  the  inside  edge  of  the  other, 
as,  for  instance,  the  distance 
3}"  between  centers  of  bolt 
holes  in  Fig.  8,  and  H"  and 
2-i"  in  Fig.  14.  Similarly,  the 
distance  between  the  center 
of  the  shaft  holes  in  the  ob- 
ject. Fig.  7,  and  the  bottom 
of  the  base  is  obtained  by 
measuring  the  distance  from 
the  bottom  of  the  hole  to  the 
bottom  of  the  base  and  adding 
to  this  the  radius  of  the  hole. 
The   first  dimension  is,  how-  '''•'■  ^ 

ever,  not  directly  measurable  with  a  rule,  but  must  be 
gotten  by  prolonging  the  bottom  line  of  the  hole  by  means 
of  some  convenient  straight  piece  and  the  square,  as  shown 
in  Fig.  29.  Thisstraight 
piece  must,  moreover, 
be  round  in  section,  as 
its  under  edge  would  not 
otherwise  represent  the 
prolongation  of  the  bot- 
tom line  of  the  hole. 
At  first  sight  it  might 
seem  as  if  this  dimen- 
sion might  have  been 
taken  more  easily  by 
measuring  the  total 
height  of  the  piece  and 
deducting  therefrom  the 
thickness  of  the  metal 
'''"■  *>  on  top  of  the  hole  and 

the  radius  of  the  latter;  but  this  would  not  give  a  reliable 
measurement,  as  the  piece  is  not  finished  on  top,  while  the 
bottom  is,  and  as  the  dimension  sought  is  an  essential  one, 
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it  must  be  accurate.     An  easier  way  to  get  the  i 

ment,  however,  is  by  ihe  use 
of  the  surface  gauge.  The 
gauge  is  adjusted  so  that  t 
point  of  the  scriber  lig 
touches  the  bottom  of  the  hoi 
the  scriber  is  then  removed 
and  the  distance  from 
plane  to  the  point  measured. 
See  Figs.  30  and  31.  ~ 

Another  example  of  findi^ 
the  distance  of  a  center  ftOl 
a  plane  surface  is  shown  in 
Fig.  32.  The  adjustable  square 
is  used  to  find  the  distance 
from  the  top  of  the  frame  of  the 
machine,  which  is  finished,  to 
To  this  is  added  half  of  the  diam- 


eter of  the  collar,  ascertained  by  means  of  the  outside  califH 
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A  further  example  is  given  in  Fig.  33.  It  was  required 
to  measure  the  horizontal  distance  of  the  center  of  the  shaft 
from  the  vertical  finished  front  of  the  machine.  The  square 
could  not  be  used  in  the  same  manner  as  in  Fig.  3i,  as 
the  sliding  carriage,  already  in  its  lowest  position,  was  in 
the  way.  The  dimension  had  thus  to  be  transferred  higher 
up,  as  it  were.  The  plumb-bob  was  conveniently  suspended, 
so  that  the  plumb-line  just  touched  the  left  side  of  the  disk. 


Next,  the  distance  between  this  line  and  the  front  of  the 
machine  was  measured  and  one-half  of  the  diameter  of 
the  disk  added  thereto.  Before  this  method  could  be 
employed,  however,  it  had  to  be  ascertained  whether  the 
machine  so  stond  on  the  floor  that  the  front  surface  of  the 
frame  were  vertical.  It  was  found  not  to  be  the  case,  and 
bad  to  be  wedged  up  on  one  side  to  make  it  so. 

39.    Centers  of  TJear- WlicelB  i  Pitch  of  Gears. — The 

distance  between  centers  of  two  gear-wheels  in  mesh  must 
be  measured  with  particular  accuracy,  as   it  furnishea  the 


k 
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only  clue  to  accurately  ascertain  the  pitch  of  the  gears, 
the  shafts  are  accessible,  either  in  front  or  back  of  the  gears, 
the  distance  between  centers  Is 
easily  established  by  measuring 
the  distance  between  the  shafts 
by  means  of  inside  calipers  if 
the  distance  is  short,  or  by 
means  of  two  steel  rules  slid 
one  upon  the  other,  if  the  dis- 
tance is  greater.  See  Fig.  34. 
To  this  measurement  the  radii 
of  the  shafts  are  added.  If 
the  shafts  are  flush  with  the 
''"'*"  wheels,   so  that  the  distance 

between  centers  cannot  be  measured  in  the  above  way,  and 
if  there  are  no  hubs  to  make  use  of,  the  distance  may  be 
obtained  by  measuring  across  the  wheels  themselves  and 
deducting  their  outside  radii.  This  method  will  be  abs^t- 
lutely  exact  only,  however,  if  the  number  of  teeth  in  bot 
wheels  is  even,  because,  if  the  number  is  odd,  the  outsi 
diameter  cannot  be  measured  accurately  with  the  calipcrl 
there  is  a  tooth  on  one  end  of  the  diameter  and  : 
on  the  opposite  end,  the  measurement  being  between  1 
point  of  the  tooth  on  the  one  end  of  a  diameter  i 
point  of  the  tooth  next  to  the  space  at  the  other  end  ^ 
the  diameter.  The  difference  between  the  dimensions  | 
obtained  is,  however,  but  very  slight  in  ordinary  cases. 

40.  Having  by  some  means  ascertained  the  distal 
between  centers,  the  diametral  pitch*  is  found  by  dividn 
the  sum  of  the  teeth  of  both  wheels  by  double  the  distauj 
from  center  to  center,  and  the  circular  pitchf  by  multiplyia 


•  The  diametral  pitch  ia  a  number  indicating  the  ratio  between  t 
number  uf  teeth  and  the  pitch  diameter;  thus,  4  (diametral]  p'~ 
means  that  there  are  four  teeth  lo  each  inch  of  the  diameter,  so  in 
wheel  that  has  this  pitch  and  has  a  pitch  diameter  of  0  inches  fi 
B  X  4  =  20  teeth,  or  a  wheel  that  has  4  pitch  and  20  teeth  has  a  '^ 
diameter  of  5  inches. 

+  The  circular  pitch  is  the  linear  measure  on  the  pitch  circlB  fl 
point  on  one  tooth  to  the  corresponding  point  on  the  next  tooth. 
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[  double  the  distance  from  center  to  center  by  3,1410  and 
dividing  the  product  by  the  sum  of  the  teeth  of  both  wheeli, 
or  by  formulas: 


diametral  pitch  ; 
circular  pitch   : 


C,3832f 


A'  -j-  « ' 
in  which     N  =  number  of  teeth  of  large  wheel; 
«   =  number  of  teeth  of  small  wheel; 
c   —  distance  from  center  to  center. 

By  calculating  both  pitches  it  is  generally  recognized  by 
what  system  they  are  constructed.  Than,  if  the  calcniation 
yields,  for  instance,  a  whole  number,  or  a  whole  numljer 
and  a  half,  or  a  whole  number  and  a  quarter,  for  the  dia- 
metral pitch,  but  an  awkward  decimal  number  for  the  circular 
pitch,  it  is  fair  to  assume  that  the  gcarK  are  cut  to  the 
diametral  pitch  indicated  by  that  numlwr.  If  the  calcula- 
tion yields  an  awkward  decimal  number  for  the  diametral 
pitch,  but  a  whole  number,  or  a  whole  number  and  fiimple 
fraction  for  the  circular  pitch,  it  i%  fair  to  aHHUmc  that  the 
gears  are  cut  to  circular  pitch. 

Thus,  the  distance  between  the  gears.  Fig*.  'AH  and  3fl, 
is  by  measurement  U(l" 
(=  11.578"+)  from  center  to 
center.  There  are  15  teeth 
in  the  pinion,  or  small  gear, 
and  131  teeth  in  the  large 
gear.  The  diametral  pitch 
is  tbus 


8.003, 


IM  + 15  _  13a  __ 
«X  11.578  ~  Z3.1M  ~ 
or  8,  Tery  nearly. 
The  fHrcdlar  pitch  is 
6.8B3axil  57y  _  ^ 
lU  +  15 
itiiat  it,  between  |f"  an4  \\'. 
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Tt  is  thus  very  evident  that  the  gears  are  cut  to  6  d 
etral  pitch.  As  a  proof,  using  6  for  the  diametral  p 
the  distance  from  center  to  center  is: 

Pitch   radius   of    large    wheel  -f-  pitch   radius  of   pinia 
1/134  ,  15\        139       ,^  7"       ,,3rr  .     ^  „r 

from    actual    measurement,   the   difference    being   only  t 
of  1^",  or  Tir"- 


In  taking  dimensions  of  gear-wheels,  it  is  generally  mo] 
exact  to  measure  with  a  rule  having  inches  divided  ini 
100  parts. 

41,  The  method  of  finding  the  pitch  from  the  distances 
between  centers  is  the  only  exact  one,  but  cannot  always  be 
employed;  in  many  cases,  the  circular  pitch  must  be  meas- 
ured directly  at  the  point  where  the  two  wheels  are 
mesh,  guessing  more  or  less  at  the  location  of  the  pitch  li 
this  will  be  quite  close,  however,  since  the  teeth  touch 
the  pitch  line  when  passing  through  the  line  connecting  the 
centers  of  the  wheels.     This   method   must  be   employed 
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invariably  with   miter  and   other   bevel  gears;   it  should 
always  be  empluyed  as  a  ciieck. 


48,  Carved  Outllues:  Fillets. — Curved  outlines,  such 
as  occur  in  machinery  frames,  sometimes  give  considerable 
trouble  in  sketching. 
Fortunately,  the  di- 
mensions are  in  such 
cases  seldom  required 
to  be  exact,  and  the 
measurements  can  be 
rounded  off.  The 
frame,  Fig.  13,  is  an 
example.  To  get  the 
curved  outline  of  the 
stand,  the  two-foot 
rule  was  held  verti- 
cally in  the  centei 


PlO.  S8 

and  horizontal  measurements  taken  at 
various  points  of  the  rule,  as  illustrated  in  Fig.  37. 
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43,  Sharp  corners  are  avoided  in  machine  frames  when" 
ever  possible,  and  rouaded  off  by  fillets.  It  is  generally 
sufficient  to  measure 
the  radius  of  such  fil- 
lets approximately. 
Small  ones  may  be 
judged  entirely  by 
eyesight,  placing  the 
rule  against  the  sur- 
face of  the  object 
where  the  curve  begins 
and  reading  off  a 
length  equal  to  the 
distance  of  the  rule 
from  the  other  surface. 
See  Fig.  38.  Large 
fillets  are  best  meas- 
'''°  ^  ured  by  means  of  the 

rule  and  square,  placing,  as  before,  the  rule  against  one 
surface  of  the  object  where  the  curve  begins  and  the  square 
on  the  other  surface,  sliding  it  against  the  rule  until  both 
indicate  the  same  distance,  as  illustrated  in  Fig.  39. 


There  are  case 
curved  outline  very  exactly. 
possible,  to  trace  the  outline  by 
placing  the  object  on  the 
sketching  pad  and  run  the  pen- 
cil point  along  the  curves,  as 
was  done  with  the  curved 
piece,  Figs.  5  and  6.  Evidently 
this  method  cannot  always  be 
resorted  to,  as,  for  instance. 
when  the  object  is  large  or 
when  the  curve  is  so  located 
on  the  object  that  it  cannot 
be  traced.  The  cam  shown 
in  Fig.  40  is  an  example.  In  ; 
templet  will  suffice,  made  of  e 


which  it  is  essential  to  get  a 
In  such  cases  it  Is  best,  if 


ch  cases  nothing  short  c 
her  siiS  paper  or  even  ■ 
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plate.  The  sheet  is  placed  over  the  cane  utd  hj  (cntle 
taps  with  the  hand  or  a  pccn  hsnaBcr  the  oBtliBC  k 
transferred. 


SKETCUniG    COMPI^ETE   StACHIXKS 

NOTX. — TIk  ctadeat  is  reqacstcd  to  read  tbe  foDowing  [imi  i  «jtt 
gnat  care,  and  be  is  iiiTited  to  aA  qvestioas  coBcemiiig  ut  jtMif  Iw 
does  not  imdenaand.  T1>e  sketches  mn  exact  reprodwctwnB  «4  Utt 
original  sketches,  whicfa  «««  made  br  «d  experienced  drattscun. 
While  the  Gtadent  woold  not  be  expected  to  nuke  sfceldMs  of  sock  a 
complicated  machine  as  this  until  be  had  bad  considerable  experieMO*, 
yet  necv)  derire  ^reat  benefit  bxma  a  careful  stndj  of  these  sfcndbet 
and  their  description 

44.  In  order  to  further  illustrate  what  has  been  said 
in  the  foregoing  articles,  a  complete  set  of  sketches  as  actu- 
ally taken  from  a  machioe  are  here  added.  The  machine  is 
a  shaping  machine,  or,  as  it  is  called,  a  erunk-shnpori 
illustrated  in  Figs.  -13  and  44.  The  function  of  this  machine 
is  to  cut  into  or  plane  the  surfaces  of  any  work  fastened  to 
the  table  seen  in  front;  the  cutting  operation  is  performed 
by  a  tool  held  by  a  reciprocating  slide,  while  the  work  is 
moved  at  right  angles  to  the  direction  of  motion  of  the  tool 
(or  vertically)  a  certain  amount  called  the  y«(/ after  every 
stroke,  either  automatically  or  by  hand. 

The  five  accompanying  illustrations  are  large  folders,  and 
to  distinguish  between  these  and  the  other  cuts,  they  have 
been  designated  as  plates  and  numbered  according  to  the 
Roman  notation. 


46.  In  accordance  with  the  principle  laid  down  in  Art.  3, 
the  machine  was  first  sketched  in  its  entirety,  in  four  views: 
a  front  view  (Plate  I),  a  plan  (Plate  H),  a  right-side  view 
(Plate  III),  and  a  partial  left-side  view  (Plate  IV).  Each 
of  these  views  requires  a  whole  sheet  of  the  sketching 
paper;  then  various  details  were  sketched  and  also  a  sec- 
tional  elevation  of  the  frame  (Pigs.  41  and  42  and  Plate  V). 

The  side  view  was  started  and  finished  first;  next  tbs 
front  view,  and  lastly  the  plan.  After  these  views  were 
completed,  the   various   measurements   were   taken,   those 
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being  taken  first  which  could  be  ascertained  without  remoi 
ing  any  of  the  parts.  Most  of  the  outside  dimensions,  eithi 
of  the  frame  or  of  the  parts  fastened  to  it,  were  obtained 
this  time;  likewise,  the  distances  between  shaft  centers,  h] 
the  methods  shown  in  Figs.  32  and  33. 

After  obtaining  as  many  dimensions  as  possible  without 
dismantling  the  machine,  and  especially  such  dimension: 
are  common  to  pieces  fitted  together,  one  part  after  another 
was  taken  ofiE  to  get  at  other  dimensions.  The  dismantling 
must  be  done  very  cautiously,  so  as  not  to  miss  a  single 
point  of  importance.  Wherever  necessary,  separate  sketches 
should  be  made  of  parts  that  would  be  represented  on  too 
small  a  scale  in  the  main  view  to  be  clearly  seen.  In  sucl 
cases  it  is  advisable  to  draw  a  line  from  these  separal 
details  to  the  main  view,  indicating  the  places  where  lh< 
belong,  as  shown  on  Plates  I-V,  and  Figs.  41  and  42. 


46.  It  should  be  remembered  that  the  various  dimen' 

sions  are  rarely  found  more  than  once  in  the  sketches,  and 
that  dimensions  o£  one  and  the  same  part  may  often  be 
found  in  entirely  different  places,  perhaps  in  connection 
with  the  part  to  which  it  is  to  be  fitted.  It  is  tbcrefon 
necessary  that  the  draftsman  clearly  understand  the  coi 
slruction  and  function  of  the  machine  before  he  attempi 
to  lay  out  a  drawing  from  the  sketches. 

The  reference  letters  used  in  the  following  description  ai 
to  he  found  on  the  sketches.  Plates  I  to  V  and  FigB.  41 
and  43,  and  the  sketches  should  be  studied  in  conjunction 
with  the  text  illustrations,  as  the  student,  by  m.eans  of  the 
latter,  will  get  a  better  understanding  of  the  shape  and 
location  of  the  parts. 

47.  The  fundamental  part  of  the  machine,  as  seen  ic| 
Figs.  43  and  44,  is  the  frame,  or  column,  a  (Plates  I  and  I 
provided  on  its  face  with  vertical  rails  a^,  along  which  I 
cross-rails  b  may  be  made  to  move  up  or  down,  by  means  0 
the   vertical  screw   visible  below  it.     This   screw   may  1 
turned  by  the  pair  of  bevel  gears,  shown  in  Fig.  4fi,  one  ( 
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which  is  keyed  to  the  shaft  having  a  crank  at  one  end. 
The  saddle  d  is  moved  along  the  cross-rail  b  by  means  of  a 


nut  on  the  feed-screw ;  see  Figs.  44  and  45,  the  latter  show* 
ing  the  nut  detached  from  the  saddle.  When  the  feed- 
BCrev  is  turned  by  hand  or  automatically  by  the  mechanism 
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top  side  it  supports  the  vise  f  (Plates  I,  II.  Ill),  provided 
with  one  stationary  and  one  movable  jaw.  The  front  jaw 
may  be  moved  in  and  out  by  turning  the  screw  (Plate  11)  to 
adjust  the  distance  between  the  jaws  for  different  sizes  of 
work,  and  to  hold  it  securely.  The  vise  is  swiveled  on  the 
table,  and  may  be  held  in  any  position  by  a  clamp  screw 
underneath.  Graduations  on  the  table  are  intended  to 
register  with   a  mark  on  the  lower  edge  of  the  vise.     By 

H  these   means  tht-   vis'.-    may   ho  quickly  adjusted   into  any 

B  angular  position  with  reference  to  the  path  of  the  cutting 

I  tool.     By  loosening  the  clamp  screw  that  holds  the  vise  to 

r  the  table,  the  vise  may  be  detached  and  fastened  to  the  side 

of  the  table  by  inserting  the  clarop  bolt  through  the  hole  in 

the  center;  see  Plate  III  and  Fig.  44. 

4^0.    A  cutting  tool  is  inserted  in  the  tool  post  projecting 
from  the  tool  block  i.     The  latter,  together  with  the  sht 
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head  h,  is  fastened  to  the  ram  g  and  can  be  adjusted.      Thi| 
ram  moves  forwards  and  backwards  in  a  longitudinal  dire< 
tion,  between  beveled  guides,   carrying  the  tool  over  th* 
work.     It  should  be  noted  that  the  tool  block  i  is  not  rigidlfj 
attached  to  the  shaper  head  k,  but  that  it  is  able  to  swine 


on  a  pin  in  its  upper  end.     This  may  be  better  understood! 
by  studying  Fig.  46,  a  bottom  view  of  the  ram,  in  which.'| 
the  tool  block  is  seen  swung  out  in  a  position  perpend iculai^ 
to  the  face  of  the  shaper  head.     By  being  swiveled  in  ttw 
manner,  the  tool  is  relieved  from  any  unnecessary  pressurij 
against  the  work  during  the  backward  motion  of  the  rani 
This  is   not  the  only  way  in  which   the   tool   block 
be  moved  relative  to  the  ram.     As  indicated  iu  the  upf* 
right-hand   corner  of   Plate   I,   in  the   detail  view   of 
shaper  head  A,  the  base  plate  /,  of  the  tool  block  is  able 
swing  iti  a  plane  at  right  angles  to  the  ram  around  a  central 
screw  passing  into  the  shaper  head.     The  curved  slot  in  thi 
upper  part  of  the  plate  indicates  the  extent  of  this  angula 
motion.     The  purpose  of  this  adjustment  is  to  enable  tbj 
tool  to  cut  at  the  proper  angle.     Whenever  such  adjnstmei 
is  to  be  made,  the  boll,  projecting  through  the  curved  slot 
is  loosened  that  the  tool  block  may  be  swung  into  the  des 
position.     The  whole  shaper  head  is  also  capable  of  mo 
up  or  down  along  the  beveled  guide  in   the  front  em 
the  ram  (see  Plate  II).     The  handle,  visible  above  the  latt«^ 
in  Figs.  43  and  44,  is  attached  to  a  screw  that  engages  wj^ 
the  ram  head.     This  screw  supports  the  shaper  head  h, 
the  latter  may  therefore  be  lowered  or  raised  by  turnioj 
the  screw  in  the  proper  direction  (see  Plate  III).     The  puS 
pose  of  this  adjustment  is  to  bring  the  tool  down  to  thl 
work  and  to  regulate  the  depth  to  which  the  tool  will  cut. 
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50,  The  various  adjustments  mentioned  are  not  sufficient  ■ 
for  all  purposes;  provision  must  also  be  made  for  cases  in 
which  the  tool  has  to  cut  along  a  plane  that  is  at  an  angle 
with  the  horizontal  plane  of  the  machine.  In  this  case  the 
forward  motion  of  the  tfiol  after  each  cut  must  be  in  a 
direction  parallel  with  the  plane  along  which  the  tool  is  cut- 
ting. For  this  purpose  the  head  h  of  the  ram  (see  Plates  II 
and  III),  to  which  the  shaper  head  is  attached,  may  be 
swung  around  a  stationary  bolt  in  the  ram  until  the  desired 
angle  is  obtained.  Various  angles  are  marked  off  on  the 
movable  ram  head,  which,  in  conjunction  with  an  index  on 
the  ram  itself,  will  indi- 
cate the  angular  inclina- 
tion. The  nut  engaging 
with  the  bolt  just  men- 
tioned is  seen  in  the  re- 
cess in  the  front  end  of 
the  ram  {Plate  III). 

51.  The  reciprocating 

motion  is  imparted  to  tiie 
ram  by  means  of  the  os- 
cillating lever  «.  Fig  43,  ''"'  *' 
shown    detached   in    Fig.  47   and    in  position   in    Fig,   49. 
The    upper   end    of    this    lever   engages   with    a    fork   g 
(Plate   IV  and    Fig.   46)    fastened  in  a  slot  in  the   upper 
part   of  the   ram,   while   its   lower   end 
^L                        ^^^^        is   fulcrum  ed   on  a   rod    the  end   of 
^P                  y^^^Bn       ^'i''^^   '=^  ^^^^    ■"    t^'ig-  ^^-      The  point 
H^               >£^^^»B       where    the   stroke   of   the    ram   begins 
K               M^^^^^EH      ^^^    ends,    relative    to   the  work,   may 
I              MM^^^^^m       ^   determined    by    the   position  of   the 
I              I  m^^^^^       ^'^'^^   ■"   ^^^   r^""-      It   "i3y   be   shifted 
H              ^^^-^^^              along  the  slot,  seen  in  Fig.  46,  and  held 
H                 ^"^^                   in  any  desired  position  by  means  of  the 
H                                              handle  /  engaging  with  a  screw  in  the 
H          fork  (see  Plate  III,  Figs,  43  and  44).     It  should  be  noticed 
H          that  I 


that  the  length  of  the  stroke  is  unaffected  by  any  position  the 
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fork  may  occupy.     To  alter  this  length,  other  mea 
required  to  be  pointed  out  farther  on. 

If  the  jib  w  (Plates  II  and  IV),  which  is  fastened  to  t 
frame  by  the  four  bolts,  visible  in  Fig.  44,  is  detached. 


ram  may  be  removed  from  the  frame,  when  the  inside  of 
the  frame  with  its  mechanism  may  be  examined.  This 
examination  may  be  further  facilitated  by  detaching  the 
plate  a,  with  its  door  (Plate  IV  and  Fig.  43).  with  tb 
result  shown  in  Figs.  49  and  fiO. 


53.  The  means  by  which  motion  is  given  to  the  lever  n 
is  most  clearly  shown  in  Fig.  51,  where  (a)  is  a  front  eleva- 
tion of  the  mechanism  and  (^)  a  sectional  elevation  takeo  , 
on  the  vertical  center  line  of  {a).  The  operation  is  t 
follows : 
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Sliding  along  a  slot  in  the  lever  n  is  a  block  «,  that  is 
swiveled  on  a  pin  c,  in  the  plate  o,  called  the  crank,  also 
shown  in  Figs.  48  and  52.  The  rear  side  of  the  crank  is 
provided  with  a  toothed  segment  and  a  boss,  which  engage 
with  the  pinion  /,  and  the  recess,  respectively,  on  the  large 
gear  p,  seen  inside  the  frame  in  Fig.  50,  but  shown  more 


fully  in  Fig.  51.  The  crank  o  is  fastened  to  the  gear/  by 
means  of  the  stud  c,.  The  peculiar  shape  of  the  crank 
made  it  difficult  to  get  the  center-to-center  distance  between 
crankpin  and  stud  center,  the  hole  for  the  stud  being 
depressed  below  the  surface  of  the  crank  proper,  while  the 
crankpin  projects  above  it.  The  distance  was  found  by 
pressing  the  edge  of  a  steel  rule  or  other  flat  straight 
piece  against   the   inside   of   the   stud   hole,    as  shown   in 
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Fig.  52,  and  calipering  carefully  between  the  edge  of  the 
hole  and  the  pin.  To  this  distance  is  added  one-half  the 
diameters  of  pin  and  hole.  For  the  present  it  will  be 
assumed  that  the  pinion  /,  is  in  one  piece  with  the  gear/. 
When,  therefore,  the  gear  /  is  revolving,  the  crank  will 
revolve  with  it,  and  also  the  block  h,,  giving  an  oscillating 
motion  to  the  lever  w.  The  extent  of  this  motion  will 
depend  on  the  distance  between  the  centers  of  the  block  « 
and  the  gear/.     Motion  is  imparted  to  the  gear/by  means 


of  the  pinion y,,  Fig.  51  («),  on  the  driving  shaft/,  (Plates  IV 
and  V,  Figs.  49  and  50),  which  also  carries  the  cone  pulley  j 
(Plates  II  and  IV).  The  latter  may  be  driven  by  a  belt  from 
a  countershaft  conveniently  situated  above  the  shaper. 


63,    Automatic  Cross-Feed. — The  previous  description 

refers  to  the  main  functions  of  the  machine;  attention  will 
now  be  called  to  the  possible  modifications  and  extensions  of 
these  various  functions.  When  the  work  is  to  be  moved  in 
a  horizontal  direction  while  undergoing  a  planing  process,  it 
is  generally  desirable  that  this  motion  shall  be  jierformed 
automatically.  In  that  case  the  screw  shown  in  the  cross- 
rail  in  Fig.  44,  with  a  handle  attached,  must  be  given  a 
fraction  of  a  turn  during  the  return  stroke  of  the  ram, 
This  is  the  purpose  of  the  two  gears,  seen  in  Pig.  4.4,  at  the 
right-hand  side  of  the  cross- rail.     The  smaller  gear  is  pinned 
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to  the  screw,  while  the  larger  revolves  loosely  on  a  stud  on 
the  cross-rail.  On  the  same  stud  is  a  rocking  lever,  seen  in 
Fig.  44  and  on  Plate  HI.  The  upper  end  of  this  lever  has 
a  pawl,  which,  when  the  cross-feed  is  to  be  made  by  hand, 
is  held  out  of  mesh  by  a  little  spring-actuated  pin.  When 
the  feed  is  required  to  be  automatic,  the  pawl  is  let  down 
either  to  the  left  or  right  of  its  supporting  stud,  depending 
on  whether  the  gear  is  to  be  driven  to  the  right  or  left, 
respectively.  The  lower  end  of  the  lever  has  a  pin  inserted 
in  one  eye  of  the  connecting-rod  *„  whose  other  eye  fits  over 
the  shoulder  of  the  hollow  nut  *,  on  the  cross-feed  disk  k. 
This  disk  has  a  dovetail  slot,  seen  more  clearly  in  Pig.  i4, 
in  which  is  a  block  having  a  screw  with  a  washer  and  the 
hollow  nut  *,.  By  means  of  the  latter  the  dovetail  block 
can  be  clamped  in  any  position  in  the  slot  of  the  disk.  It 
^^_  follows  that  when  k  re- 
volves it  will  impart  an 
oscillating  motion  to  the 
rocking  lever,  and  that 
the  extent  of  this  motion 
will  depend  on  the  distance 
between  the  center  of  the 
nut  k^,  and  that  of  the 
disk/-.  The  disk  is  fastened 
to  a  stud  that  revolves  in 
the  boss,  seen  in  Figs.  44 
and  53,  and  the  detail  sketch  on  Plate  III.  It  receives  its 
motion  from  the  little  pinion,  partly  visible  in  Fig.  45,  whieh 
engages  with  the  gear  seen  on  the  inside  of  the  disk  k 
(Plate  III).  Fig.  53  represents  the  disk  moved  out  of  gear 
with  the  pinion  to  better  show  the  inside  of  the  disk.  This 
pinion  consists  of  teeth  cut  directly  in  the  end  of  the  driving 
shaft/,  (Plate  IV). 


A4.  Adjustment  of  the  Stroke. — The  adjustment  of 
the  ram  stroke  will  now  be  explained  in  detail.  On  the 
right-hand  side  of  the  frame  and  above  the  feed-disk  k 
is   a  collar,    fastened   to   the   frame,    as   seen   in  Figs.  44 


i^ 


§15 

and   54.     Outside  of  this  collar  there   is  a  revolving  pul- 
ley   y„   Plate    III,   with    a  clamp  disk  q.   Fig.   51   (h)  and 
Fig.  44.     This  disk  carries  a  little  pointer  that    indicates, 
by  means  of  marks  on  the 
pulley,  the   length   of    the 
stroke.      By    loosening    the 
spherical    nut    outside    the 
disk  q,  it  is  possible  to  ad- 
just  the  latter    relative   to 
the  pulley  ?,  until  the  point- 
er    indicates    the    desired 
stroke.      How   this   a^jii.'^i- 
menC  affects  the  stroke  will 
be  explained   by    means  of 
Fig.    51    ((?).       The    clamp  ' "     "" 

disk  q  is  feathered  to  the  shaft  y„  and  will  therefore  turn 
with  the  latter,  but  can  be  moved  in  and  out  longitudinally. 
It  has  already  been  explained  that  the  pinion/,  engages 
with  the  segmental  gear  on  the  crank  o  and  that  the  latter 
may  swing  around  the  stud  o,.  Fig.  51  {a)  is  a  front  eleva- 
tion of  these  parts,  in  which  the  center  of  the  crankpin  c, 
is  shown  in  line  with  the  center  of  the  pinion/,.  If  adjusted 
in  this  position,  the  effect  will  be  that  while  the  gear/  is 
revolving  with  the  pinion  and  the  crank,  the  pin  will  simply 
revolve  around  its  own  center,  letting  the  block  «,,  lever  «. 
and  the  ram  remain  stationary,  To  impart  motion  to  the 
latter,  the  shaft  y,  with  its  pinion  is  turned  by  means  of  a 
crank  that  may  be  placed  on  the  end  of  the  shaft  y,  and  the 
crank  o  moved  to  the  left  until  the  pin  »,  occupies  any 
position  between  the  central  and  the  extreme  left-hand 
|>osition,  indicated  by  means  of  dotted  lines  in  Fig.  51  (c). 
After  the  crank  has  been  adjusted,  the  spherical  nut  is 
screwed  up  against  the  clamp  disk  q\  this  draws  the  coni- 
cal surface  of  the  clamp  disk,  as  well  as  the  conical  surface 
on  the  back  of  the  pinion/,,  down  on  their  seats,  making  a 
solid  frictional  connection  between  the  parts.  As  the  hol- 
low shaft/,  supports  all  these  parts,  the  whole  mechanism 
will  revolve  with  the  gear/. 

i  6*-28 
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55.  Some  explanations  wiil  here  be  added  to  facilitate 
the  understanding  of  the  various  sketches,  each  plate  being 
considered  in  succession. 

Plate  I. — The  main  view  is  a  from  elevation  of 
assembled  machine,  some  parts  being  shown  in  section  ai 
some  broken  away  so  as  to  expose  hidden  parts.  The  li 
half  of  the  shaper  head  h  has  been  removed  in  order 
show  the  circular  head  of  the  ram.  Likewise,  part  of  tl 
right-hand  side  of  the  vise  is  broken  off  to  obtain  a  fr< 
view  of  the  upper  part  of  the  frame,  it  being  understood 
that  both  halves  of  the  vise  are  symmetrical.  The  lo 
side  of  the  table  is  shown  in  section  better  to  show  the 
T  slots  and  central  hole  through  which  to  insert  the  clam] 
screw,  when  the  vise  is  fastened  to  the  side  of  the  tabli 
In  all  cases  where  parts  are  sketched  separate  from 
places  where  they  belong,  connecting  lines  indicate  thi 
true  positions.  For  instance,  the  little  screw  sketched 
the  right-hand  side  has  a  line  connecting  it  with  the  hole 
the  tool  block.  The  long  piece  in  the  upper  left-hand 
corner  is  a  side  view  of , the  gib  that  holds  the  ram  in  place, 
and  a  line  is  seen  leading  from  this  piece  to  the  place  where 
the  front  end  of  the  gib  is  seen  in  the  main  view. 

Plate  II. — The   graduated  circle  shown  above   the  mi 
view  is  a  constructive  detail  enabling  the  student  to  s| 
the  graduations  on  the  ram  in  a  correct  manner.     The  sel 
screw  shown  to  the  right  and  below  the  ram  is  one  of  fi 
screws  that  serve  to  adjust  the  gib  with  reference  to  tl 
ram.     These  screws  may  also  be  seen  in  Fig.  44. 

Plate  III. — The  two  views  in  the  lower  right-hand 
represent  a  sectional  plan  view  and  end  view,  respectivel; 
of  the  boss  that  supports  the  end  of  the  driving  shaft/,  ai 
the  stud  for  the  cross-feed  disk  k.      Above  these  views 
found  a  sectional  view  of  the  cross-feed  disk  with  its  dov< 
tail  block  and  hollow  nut  k^.     In  the  lower  left-hand  corner 
is  the  connecting-rod  k^  with  some  details  for  the  rocking 
lever. 

Plate  IV. — In  the  upper  right-hand  corner  is  a  plan  vi 
of  the  table  e  on  which  are  indicated  the  graduations 


mg 

I 

TOd  ' 

the 

1 


§  15  SKETCHING  49 

which  the  vise  may  be  adjusted.  In  the  upper  left-hand 
corner  is  a  rear  view  of  the  frame  with  the  ram  in  position. 
At  the  bottom  of  the  plate  is  a  longitudinal  section  of  the 
ram  with  the  fork  ^„  also  various  sections  taken  across  the 
ram  at  the  places  indicated  by  the  vertical  lines.  The  detail 
in  the  lower  right-hand  corner  is  the  screw  in  the  top  of  the 
fork. 

Fig,  Jf.!, — The  views  taken  from  left  to  right  are:  An  end 
view  of  the  saddle,  a  rear  elevation  of  the  same,  and,  lastly, 
a  front  elevation  of  the  central  part  of  the  cross-rail.  There 
is  also  shown  part  of  the  screw  that  supports  the  cross-rail 
and  the  bevel  gears  by  which  it  is  raised  and  lowered ;  also, 
details  of  the  nut  engaging  the  cross-feed  screw,  a  sectional 
detail  of  the  upper  part  of  the  rail,  and  a  partial  bottom 
view  of  the  rail. 

Fig.  42. — The  views  on  this  sheet  should  be  easily  under- 
stood in  conjunction  with  Fig.  51,  and  require  no  additional 
information. 

Plate  V. — The  main  view  is  a  sectional  side  elevation  of 
the  frame  taken  along  line  oo,  Fig.  42,  with  the  lever  and 
crank  removed.  Sections  are  also  taken  along  lines  x  x^yy^ 
and  zz^  and  shown  at  various  places  on  the  sheet.  Sec- 
tion XX  gives  a  plan  view  of  the  driving  pinion/,,  together 
with  the  driving  shaft  y,  and  the  supporting  boss.  Above  is 
found  a  detail  view  of  the  crank  and  below  a  plan  view  of 
one  corner  of  the  base. 


CONCLUSION 

66.  The  student  is  advised  to  practice  sketching  at 
every  opportunity.  He  may  sketch  any  convenient  object, 
as,  for  example,  a  monkey  wrench,  a  table,  a  vise,  etc.  The 
kitchen  stove,  or  a  wagon  will  present  considerable  diffi- 
culty. No  matter  what  the  object  may  be  that  is  sketched, 
it  must  always  be  kept  in  mind  that  every  sketch  must  be 
so  made  and  dimensioned  that  a  working  or  finished  draw- 
ing can  be  made  from  it  without  the  necessity  of  seeing  the 
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object  again.  Hence,  the  student  is  advised  not  only  to 
make  sketches  of  convenient  objects,  but  also  make  at  least 
pencil  drawings  from  these  sketches.  The  making  of  the 
drawing  will  reveal  any  omissions  or  defects  in  the  sketches, 
and  will  afford  him  the  best  kind  of  practice. 

After  the  student  has  attained  a  certain  degree  of  profi- 
ciency and  gained  confidence  in  himself,  he  is  advised  to  go 
to  some  machine  shop  or  other  establishment  where  mechan- 
ical work  is  being  done  and  sketch  some  of  the  smaller 
objects  to  be  found  there.  Then,  when  he  gets  employ- 
ment as  a  draftsmen,  he  will  find  the  work  comparatively 
easy  and  his  advancement  will  be  more  rapid. 
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